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raEFlCE  TO  THE  SECOND  EDITION. 


Many  important  changes  have  been  made  in  the  present  editioD, 
d;sigDed  to  adapt  the  work  more  fully  to  the  wants  of  the  higher 
seminaries,  where  mathematical  demonstrations  are  required  of  the 
classes  in  Natural  Philosophy.  With  this  view,  the  two  first  Parts 
have  been  almost  wholly  rewritten,  and  upon  a  different  plan  of 
arrangement.  Some  subjects  which  were  perhaps  too  fully  treated 
in  the  first  edition,— as,  for  example,  Crystallography,— have  beeo 
reduced,  while  others  have  been  expanded  to  meet  the  just  proper- 
tions  of  3  harmonious  treatment.  These  remarks  apply  also  to  furl 
Third  (the  Physics  of  Imponderable  Agents),  and  especially  to 
Optics  and  Heat.  In  the  latter  chapter  some  topics  have  been 
omitted  which  are  more  appropriately  treated  in  Chemistry. 

The  mathematical  demonstrations,  while  they  are  designed  to  be 
as  simple  as  possible  consistent  with  exactness,  are  believed  to  be 
as  full  and  rigorous  as  are  demanded  in  institutions  where  only 
geometric  and  algebraic  methods  are  used.  Analytical  methods 
have  not  been  introduced,  as  the  book  was  not  designed  for  the 
romparatively  limited  number  of  colleges  where  the  higher  mathe- 
matics are  employed  in  teaching  Physics, 

The  questions  at  the  foot  of  the  pages  in  the  first  edition,  have 
been  omitted,  to  gain  space  for  a  considerable  number  of  practical 
problems  (mostly  original,)  designed  to  exercise  the  student  in  the 
application  of  the  principles  and  formulae  found  in  the  test.  To 
did  in  the  solution  of  these,  and  to  assist  the  teach  ^i  in  the  con- 
BtruotioQ  of  additional  problems,  numerous  physii,ai  Tables  have 
been  aided  in  the  Appendix. 

The  plan  of  using  two  kinds,  of  type,,  resorted  to  in  the  first 
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edition,  has  been  continued  with  more  particularity  in  this  The 
book  is  thus  adapted  to  the  use  of  the  general  reader,  and  to  stu- 
dents who  seek  on!j  a  knowledge  of  general  principles. 

These  changes  and  additions,  the  author  believes,  entitle  this 
edition  more  fully  to  the  encomiums  bestowed  on  the  first  by  many 
of  the  ablest  physicists  and  most  experienced  teachers  in  this 
country.  By  the  liberality  of  the  publishers,  numerous  additions 
have  been  made  to  the  wood-cuts,  while  new  designs,  in  numerous 
cases,  replace  those  of  less  beauty  in  the  first  edition. 

The  design  has  been,  in  this  edition,  to  give  to  all  the  depart- 
ments of  physical  science  a  just  proportion  of  space,  in  harmony 
with  the  general  scope  of  the  book.  The  subject  of  Mechanics 
and  Machines  (upon  which  so  many  excellent  special  treatises 
exist)  has,  therefore,  been  condensed  into  a  smaller  proportionate 
apace  than  it  usually  occupies  in  American  treatises  on  NaturaJ 
Philosophy;  while  such  fundamental  subjects  as  Motion,  Force, 
Gravitation,  Elasticity,  Tenacity,  and  Strength  of  Materials,  are 
Bonsidered  at  more  length. 

The  author  has  freely  availed  himself  of  all  the  sources  of  infor 
mation  within  his  reach.  A  list  of  the  works  chiefly  used  in  the 
preparation  of  this  edition  is  appended — to  which  should  be  added 
the  chief  foreign  journals,  and  transactions  of  learned  societies — 
which  have  been  resorted  to  for  the  original  memoirs  quoted  on  a 
great  variety  of  topics.  He  is  also  particularly  indebted  for  good 
counsel  to  many  scientific  and  personal  friends,  the  iufiuence  of 
whose  criticisms  on  the  first  edition  they  will  find  frequently  ii> 
the  present.  More  than  to  all  others  is  he  indebted  to  Dr.  M.  0 
White,  of  New  Haven,  for  his  constant  attention,  both  in  th*" 
preparation  of  new  matter  and  in  the  revision  of  the  press. 

He  also  takes  pleasure  in  again  acknowledging  his  obligations 
to  Prof.  C.  H.  Porter,  of  Albany. 

For  a  final  revision  of  the  sheets,  and  the  detection  of  a  number 
of  errors  which  had  escaped  previous  proof-readers,  the  author 
is  indebted  to  Mr.  Akthdr  W.  Weight,  Assistant  Librarian  of 
Yale  College. 

Fuller  re.'erenees  have  been  added,  especially  to  American  autho- 
rities J  and  the  author  hopes  no  apology  is  required  for  the  frequent 
references  to  the  American  Journal  of  Science,  which  is  supposed 
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b)  be  a  work  accessible  to  all  AmericaD  teachers,  while  the  Euro- 
pean journals  are  rarely  so ;  and  references  to  these  would,  there- 
fore, be  of  little  practical  use  to  the  great  majority  of  readers  of 
such  a  treatise  as  this. 

As  no  table  of  errata  is  given  (all  errors  thus  far  discovered 
being  corrected),  the  author  will  esteem  it  a  great  favor  if  any 
person  using  the  book  will  communicate  to  him  direct  any  errors 
of  fact  or  figures  which  maj  be  discovered. 

Neiv  Haven,  Octobei-  15.  1860. 


Cooke.     Chemical  Phyaies.     Boston,  1850. 

Daouin.  Traits  de  Phjeique,  torn.  I.,  II.,  and  III.  Paris  and 
Toulouse,  1855-1859. 

De  li  Rive.  Treatise  on  Electricity,  3  volumes.  London,  1853- 
1858. 

Ganot.     Traitg  de  Physique.     Paris,  1859. 

Goodwin'.  A  Collection  of  Problems  and  Examples.  Cambridge, 
England,  1851. 

Jamjn.     Coura  de  Physique,  torn.  I.  and  II      Par  s   18  S  1S5Q 

Kahi..     Mathematische  Aufgahen  auB  der  pi    ak      Le  )  z  (^   1S5 

Miller.     Chemical  Physioa.     London,  1855 

Mi/LLER.  Lehrbuch  der  Phjsik  und  Meteo  1  „  e  Bn  a  hwe  g 
1857. 

Potter.  An  Elementary  Treatise  on  Optics,  2  Parts.  Londrn, 
1=51. 

Potter.     An  Elementary  Treatise  on  Mechanics.     London,  1855 

Potter.     Physical  Optics.    London,  1856. 

Wernicke.     Lehrbuch  der  Mechanik.    Braunschweig,  1858. 


db,  Google 


db,  Google 


FROM  PREFACE  TO  THE  FIRST  EDITION. 


This  hand-book  lias  been  prepared  with  a  view  to  give  a  fair  eiposi- 
tion  of  the  present  condition  of  the  Eeveral  departmenta  of  PhjsicB.  * 
*****  Accuracy  of  statement,  fullness  of  illustration, 
conciseness  of  expression,  and  a  record  of  the  latest  and  most  reliable 
progress  of  science  in  these  departments  have  been  the  leading  objecta 
(    p    p      t 
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Whenever  it  was  possible,  reference  has  been  had  to  original  memoirs 
in  Journals  and  Transactions,  and  in  this  way  many  errors  current  in 
works  of  inferior  authority  have  been  corrected,  With  but  few  excep- 
tions, references  to  foreign  memoirs  have  been  omitted  in  the  text,  as 
their  insertion  could  profit  only  a  very  small  number  of  readers,  and 
might  seem  pedantic.  Not  so  with  respect  to  names  of  discoverers  of 
important  principles  and  phenomena.  A  great  number  of  names  of 
these  will  be  found  in  the  test,  in  their  proper  places,  and  not  unfre- 
quently  the  dates  of  birth,  or  deatJi,  or  both,  are  given. 

Every  teacher  must  hove  observed  that  an  abstract  principle 
often  filed  in  the  memory  by  the  power  of  associated  ideas,  when  it 
connected  with  a  date  or  item  jf  personal  interest,  as 
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awakened  by  the  dramatic  far  more  than  by  the  didactic.  Hence  it 
has  been  thought  judicious  to  introduce  numerous  important  dates  m 
the  history  of  science. 

It  gives  me  great  pleasure  to  acknowledge  many  obligations  to  Prof. 
CH4RLES  H.  PoRTBB,  M.  A.,  M.  D.,  of  Albanj  (some  years  my  assistant), 
for  his  constant  and  most  important  assistance  in  the  compilation  and 
editing  of  this  book.  Preoccupied  as  my  own  time  has  been.  I  should 
not  at  times  have  found  it  possible  to  proceed  without  his  valuable 
assistance  and  excellent  judgment.  Dr.  M.  C.  Whctk,  of  this  town,  has 
also  rendered  me  important  aid,  especially  in  Optics,  and  in  the  revi- 
sion of  the  press. 

*  »  *  *  »  •  •  * 

Haw  Hateh,  Cokn  ,  Oct.  15,  1868. 
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PART   FIRST. 

PHYSICS  OF  SOLIDS  ANB  FLUIDS. 


INTRODUCTION. 


1,  Matter. — Matter  is  that  which  ocnupies  space,  and  ir  the  object 
of  sanae.  Our  knowledge  of  the  material  world  is  fouoded  -pon  eipe- 
rieoce,  or  the  evidence  of  our  senses;  and  the  conviction  thit  the  same 
causes  will  always  produce  the  same  effects. 

A  definite  and  limited  portion  of  matter,  whether  it  be  a  particle  of 
dasi  or  a  planet,  is  called  a  body.  The  different  kinds  of  matter,  as 
water,  marble,  gold,  or  diamond,  are  called  substaiices.  Numberleaa  as 
are  the  various  substances  known  t»  man,  they  are  all  composed  of 
a  limited  number  of  simple  bodies  called  elements. 

2.  Observation  and  experiment. — By  observation  wa  become 
acquainted  with  those  changes,  in  the  condition  and  relations  of  bodies, 
which  occur  spontaneously  in  the  ordinary  course  of  nature ;  but  tha 
knowledge  thus  acquired  is  limited  when  compared  with  the  results 
of  experiment.  By  the  use  of  proper  apparatas  we  can  repeat  natural 
phenomena  under  varied  conditions ;  and,  among  all  the  attendant 
circumstances,  we  can  determine  what  are  accidental,  and  what  are 
essential  to  any  given  effect. 

Phenomena. — A  phenomenon,  in  the  sense  in  which  this  word  ii 
used  in  science,  is  any  event  taking  place  in  the  ordinary  course  of 
nature.  Thus  the  changes  of  the  seasons,  the  fall  of  rain  or  dew,  the 
burning  of  a  fire,  and  the  death  of  an  animal,  are  more  truly  pheno- 
mena of  nature  than  those  more  rare  or  alarming  events  to  which  in  a 
Tulgar  sense  this  word  is  usually  confined. 

S»  (1) 
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3.  Law,  Theory,  and  Hypothesis. — In  conducting  an  aiperiment, 
we  are  taught  to  traoe  with  certainty  the  connection  hetwe«n  different 
phenomena ;  to  clasBlfj  effecta  of  the  same  kind  and  refer  them  to  their 
common  cause ;  in  fine,  to  deduce  from  many  experiments  the  govern- 
ing principle,  or  law  of  nature,  in  obedience  to  which  they  are  produced, 
and  to  unite  both  facts  and  principles  into  a  theory,  or  oomprehensiro 
view  of  the  whole  subject.  Such  theories  are  a  fruitful  source  of  new 
experiments  and  new  diaeoTcries. 

The  terms  law,  theory,  and  hypothesis  are  often  used  interchangeably, 
and  are  all  designed  to  express  the  various  degrees  of  perfection  attained 
in  any  department  of  human  knowledge,  towards  the  understanding  of 
the  thoughts  of  God  as  expressed  in  the  phenomena  of  the  physical 
world.  An  hypothesis  is  a  guess  or  assumption,  designed  to  aid  further 
investigation,  and  bears  the  same  relation  to  a  thiory  or  law  as  the 
scaffolding  bears  to  the  perfect  building.  A  theory  is  the  most  perfect 
expression  of  physical  truth,  and  is  deduced  from  ijoth  laws  and  prin- 
ciples that  have  been  established  on  independent  testimony. 

That  a  theory  should  rise  to  the  highest  expresaion  of  tie  laws  of 
nature,  it  must  account  not  only  for  all  known  phenomena  falling 
under  it,  but  for  all  possible  cases  with  their  irregularities  and  variB- 
tions.  Thus  the  law  of  gravitation,  as  developed  by  Newton  from 
terrestrial  phenomena,  has  been  found  strictly  nniyersal  in  its  applica- 
tion ;  not  only  meeting  all  known  facts  in  celestial  mechanics,  but, 
outstripping  observation,  it  has  foretold  events  which  have  been  subse- 
quently confirmed,  or  which  it  still  requires  centuries  of  years   tu 

4.  laductlve  Fhilosoptay. — When  individual  experience  is  en- 
larged by  the  experience  of  other  inquirers  and  other  times,  and  the 
combined  knowledge  of  many  is  so  arranged  as  to  be  comprehended  by 
ane,  the  syiitem  becomes  a  science  or  philosophy  of  nature.  Because 
its  principles  are  founded  upon  a  comparison  and  analysis  of  facts,  a 
system  of  this  kind  is  also  called  Ijiductive  Philosophy, 

Inductive  philosopby  is  of  modem  origin.  Galileo  (born  in  I5B4)  was  Hie 
Brst  U>  commence  a  course  of  experimental  researchea ;  and  Bacon  (born  io 
1661),  in  bis  immortal  noik,  Aooum  Organam,  shovei  tha,t  tbis  nas  the  on]; 
ro^  to  an  accurate  linowledge  of  natura.  The  ancients  were  ignorant  of  tiie 
pHnciples  and  methods  of  inductive  science.  Tbeir  explanations  of  natural 
phenomena  were  based  on  amianed  oanse; ;  tlie;  are  therefore  confused  and 
eontraiiliclorj,  and  often  in  direct  oppoeitioa  to  experience. 

5.  Foroe. — From  the  axiom  that  every  event  mtist  have  a  cause, 
the  mind  naturally  passes  to  the  recognition  of  certain  powers  or  forest 
in  nature  adequate  to  account  for  the  observed  phenomena.     Thus  we 
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refer  the  fall  of  bodies  to  the  earth  to  the  furce  of  gri.vitaticii — the 
strength  of  materials  to  the  force  of  cohesive  attra  ition-— the  directive 
power  of  the  compass-needle  to  the  earth's  magnetism — the  evaporation 
of  water  to  the  action  of  heat — the  combustion  of  a  fire  to  the  action 
of  oxygen  on  the  elements  of  the  fuel,  or  to  the  force  of  chemical 
affinity. 

Man  eseroising  his  volition  walita,  or  strilies  a  blow — eiamples  of  the 
mysterious  connection  between  spirit  and  matter,  of  the  ci 
cia«  of  mechanical  force.  By  the  use  of  a  iever  or 
or  multiplies  his  force  at  will — by  experiment  he  learns  that  he  can 
also,  by  suitable  appliances,  eall  into  action,  where  he  pleases,  certain 
other  forces,  otherwise  dormant,  which  he  calls  chemical,  or  pkyaical, 
aoeording  aa  they  do,  or  do  not,  involve  an  essential  change  in  the 
nature  of  the  materials  employed.  Both  bis  consciousness  and  expe- 
rience inform  him  that  all  these  manifestatians  of  force  result  from  the 
voluntary  but  mysterious  action  of  mind  upon  matter.  He  is  thus  led 
to  the  unavoidable  conclusion  that  those  great  phenomena  of  nature, 
over  vehich  he  baa  no  control,  must  have  their  origin  also  in  the  volitions 
of  a  Supreme  Rulbk.  Force  a;^  1  will  thus  become  related  terms,  and 
we  are  compelled  to  regard  the  forces  of  nature,  as  they  are  usually 
styled,  as  only  the  outward  and  visible  manifestations  of  the  mind  ol 
God. 

In  Physics  the  term  force  is  often  usad  for  the  unknown  cause  of  a 
known  effect. 

6.  The  properties  of  matter  are  general,  or  speclQc. — The 
attentive  consideration  of  any  sort  of  nmtter  will  show  us  the  ex- 
istence of  two  sorts  of  properties  in  it — namely,  general  properties 
and  specific  properties.  Gold,  for  example,  occupies  space  and  poa^ 
Besses  weight,  but  so  also  does  all  matter,  whether  solid,  liquid,  or 
gaseous  ;  these  properties  are  genei-al.  But  gold  has  a  peculiar  color 
and  lustre,  is  unchangeable  by  the  action  of  causes  which  destroy  the 
identity  of  nearly  all  other  sorts  of  matter,  has  a  definite  and  peculiar 
crystalline  form,  and  weighs  about  nineteen  times  as  much  as  a  like 
bulk  of  water.  These  are  qualities  peculiar  to  gold,  and  by  which  wo 
always  recognize  it     They  are  its  specifie  properties. 

7.  The  changes  in  matter  are  physical,  or  chemical. — Watsr 
is  changed  by  heat  to  steam  or  vapor,  by  loss  of  heat  (cold)  it  is 
reduced  to  a  solid.  By  the  ceaseless  action  of  these  natural  causes,  it 
perpetually  changes  its  place  and  condition.  It  returns  to  the  earth, 
from  its  distillation  in  the  groat  alembic  of  the  atmosphere,  as  dew, 
milt,  rain,  hail,  or  snow,  and  by  gravity  seeks  to  gain  a  place  of  rest 
in  the  great  ocean.     But  in  all  its  changes  of  state  and  position  it  is 
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Btill  the  same  substance.  A  bar  of  iron,  bj  contact  with  a  lodest  oe, 
acquires  new  properties,  which  wo  call  magnetic,  but  its  color,  form, 
and  weight  remain  unohauged.  A  glass  tdbe  or  plate  of  resin  rubbed 
by  dfy  silk  or  fur  becomes  electrical,  in  virtue  of  which  property  it 
will  attract  or  repel  light  bodies.  These  changes,  which  do  no\  destroy 
the  specific  identity  of  the  substance,  ore  termed  physical  changta. 

But  in  a  damp  atmosphere  the  iron  bar  is  soon  covered  with  rust, 
from  the  action  of  oxygen  (one  of  the  gaeea  of  the  air)  upon  the  iron. 
The  same  change  follows  the  action  of  water  alone.  In  this  latter  case 
the  water  is  decomposed,  and  with  great  activity  if  a  dilute  acid  is 
present.  The  oxygen  of  the  water  combines  with  the  Iron,  while  the 
hydrogen  escapes  as  a  gas,  and  thus  the  specific  identity  of  both  sub- 
stances is  destroyed.  Such  changes,  destructive  ot  specijic  identity,  are 
called  chemical  changes. 

S.  Ptayaical  and  chemical  properties  of  matter.— The  changes 
of  matter  just  noticed  correspond  to  its  physical  and  chemical  proper- 
ties. Gold  posaesBes  certain  specific  properties,  depending  solely  on  its 
physical  qu  1 1  ts  d        ty  1     t  1       f    m   m  II     h  1  ty       d   ts 
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physical  prpt  Epdhw  toth         t  fhl  ad 
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agent  by  whose  efBcieney  the  transmutation  is  effected.  Such  changes 
of  matter,  involving  an  essential  loss  of  specific  identity,  depend  on  the 
chemical  properties  of  matter. 

9.  Physics  and  Cliemistry. — It  is  plain  that  the  distinctions 
just  pointed  out  are  fundamental,  in  the  nature  of  things,  and  that  out 
of  them  spring  two  entirely  distinct,  although  nearly  related,  branches 
of  human  knowlpdge,  namely,  Phisics  and  Chbhistrt;  the  former  is 
more  frequently  called,  in  this  country.  Natural  Philosophy ;  a  term 
too  comprehensive  in  its  general  significance  for  an  exact  definition. 
Now  as  all  substances  possess  both  physical  and  chemical  properties, 
il  is  plain  that  a  thorough  knowledge  of  either  branch  involves  8cm» 
familiarity  with  the  other.  But  the  natural  order  of  knowledge  con- 
sista  in  obtmning  first  a  familiarity  with  the  general  properties  and 
laws  of  matter,  and  subsequently  the  specific  properties.  Physicat 
knowledge  therefore  naturally  precedes  chemical. 

10.  Vitality,  or  the  principle  of  life,  is  reeogniicd  as  a  distinct 
force  in  nature,  controlling  both  physical  and  chemical  forces;  by  its 
action  inanimate  or  unorganized  matter  is  transformed  into  animate 
and  organised  existences.     Thus,  nut  of  air,  water,  and  a  few  mineral 
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Bubstances,  all  Uvrng  forms,  both  animal  and  vegetnble,  are  built  up 
by  the  chemistry  of  life.  After  a  life  of  definite  duration,  they  die, 
and  their  structures  dissolve  again  into  the  inanimate  bodies  out  of 
which  they  grew.  They  are  subject  to  the  general  laws  of  matter,  bnt 
these  laws  are  often  modified,  and  sometimes  directly  opposed  by  the 
n  of  that  unknown  power  which  we  call  the  principle  of  life.     The 
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OENERAL    PRINCIPLES. 
{ 1.  DeSnitionB  and  General  Properties  of  Matter. 

I.    ESSENTIAL    P 


12.  The  eBsentlal  properties  of  matter  are  (1)  magnitude,  or 
extension,  (2)  impenetrahilUy.  We  cannot  conceive  of  matter  with- 
out magnitude,  and  it  is  equally  clear  that  the  space  occupied  by  any 
given  particle  of  matter  cannot,  at  the  same  time,  be  occupied  by  any 
other  particle. 

All  the  other  general  properties  of  matter,  however  universal  they 
may  be,  have  been  made  known  to  ua  by  observation  and  eiperinient, 
and  are  not  essential  to  the  fundamental  notion  of  the  existence  of 
matter.  The  accessory  or  non-essential  properties  of  matter  are,  1, 
Divisibility,  2,  Compressibility,  I,  Expansibility,  4,  Porosity,  5.  Mo- 
bility, and,  6,  Inertia. 

13.  Magnitude  or  extenaioa. — Extension  is  the  property  which 
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every  body  possesses  of  oceupjing  a  portion  of  spaee.  The  amoant  of 
Bpace  so  occupied  by  a.  body  1b  called  its  ixlwne. 

Every  body  has  three  dimensions,  lengtfi,  breadth,  and  thickness, 
the  external  boundaries  of  which  are  surfaces  and  lines.  The  exoct 
measurement  of  these  three  dimensions  is  the  foundation  of  all  exact 
kr.'wledge  in  experimental  science,  and  demands  the  adoption  of  cer- 
tain arbitrary  units  of  comparison. 

14.  Impeaetiabilitj. — The  power  of  a  body  to  exclude  all  other 
bodies  from  tie  space  occupied  by  itself  is  called  impettetrability.  This 
property  ia  possessed  by  all  forms  of  matter.  Air  may  be  compressed 
indefinitely,  perhaps,  but  the  mechanical  force  required  for  its  com- 
pression is  at  once  the  evidence  and  the  measure  of  its  impenetrability. 

A  stone  dropped  into  the  water  displaces  its  own  bulk  of  the  fiuid, 
but  does  not  penetrate  its  particles.  A  nail  driven  into  a  board  only 
displaces  certain  particles  of  the  wood,  whose  resistance  or  elasticity 
imparts  to  the  nail  it«  power  of  adhesion. 

The  union  of  these  two  properties,  extension  and  impenetrability 
gives  exactness  to  our  fundamental  notion  of  matter.  Neither  alone 
will  suffice  to  produce  a  body.  The  image  in  a  mirror  is  not  a  body, 
for  behind  the  mirror,  where  the  image  appears,  is  the  wall,  or  perhaps 
another  body.  The  shadow  of  any  object  in  the  sunlight  has  exten- 
sion, but,  BS  it  is  not  impenetrable,  it  is  not  a  body. 

15.  Tho  three  states  of  matter. — Matter  is  presented  to  our 
senses  in  three  unlike  physical  states,  viz.,  solid,  liquid,  and  gfaaeota. 
The  last  two  states  are  more  comprehensively  called  fiuida.  These 
three  physical  conditions  of  matter  represent  the  opposite  action  of  the 
forces  of  attraction  and  repulsion.  But  as  these  interesting  relations, 
and  the  physical  laws  governing  them,  are  fully  discussed  under  their 
appropriate  heads,  it  is  needless  to  do  more  than  refer  in  them  here. 

16.  TTnits  of  measure. — In  order  to  determine  with  accuracy 
the  volieme  of  solids  and  the  area  of  surfaces  or  the  length  of  lines, 
some  arbitrary  unit  of  extension  must  be  adopted.  Of  tlie  three 
geometric  degrees  of  extension  (lie  unit  of  length  is  the  only  one  which 
nned  be  arbitrary,  since  by  squaring  it  we  may  measure  surfaces,  and 
by  cubing  it  we  can  measure  solids.  In  early  times  the  weight  of 
grains  of  wheat,  ("  thirty-two  of  which,  from  the  midst  of  the  ear, 
were,  a.  n.  1268,  declared  to  be  equal  to  an  English  penny,  called  o 
sterling,")  or  the  length  of  "barley  corns"  (three  to  an  inch)  gave  the 
rude  basis  of  legal  units  of  weight  and  measure  in  England,  and,  lonjf 
•fter,  by  adoption  in  the  United  States, 
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n.  BngliBli  units  of  lengtli-— The  yard  is  the  English  unit  of 
length,  adopWd  both  in  Great  Britain  and  America.  It  appears  to 
have  had  its  origin  ahout  i.  b,  U20,  in  the  reign  of  Henrj  the  First, 
'■  who  ordered  that  the  ulna,  or  ancient  ell  (which  corresponds  to  the 
modern  jard)  should  he  made  of  the  exact  length  of  his  own  arm,  and 
that  the  other  measures  of  length  should  be  based  upon  it."  The  jard 
is  divided  into  thirty-six  inches. 

In  1824  it  was  enacted  bj  the  English  Parliament,  that  if  at  any 
time  the  standard  jard  should  he  lost,  defaced,  or  otherwise  injured,  it 
should  be  restored  by  making  a  new  standard  yard,  bearing  the  same 
proportiou  to  a  pendulum  vibrating  seconds  of  mean  time  in  the  lati- 
tude of  London,  in  a  vacuum  and  at  the  level  of  the  sea,  as  30  inches 
bears  to  39.1393  inches,  the  latter  being  the  length  of  the  pendulum 
vibrating  seconds  at  London. 

In  1834  the  Parliament  House  was  destroyed  by  fire,  and  with  it  the 
standard  yard.  The  measurement  of  the  seconds'  pendulum,  as  given 
above,  was  subsequently  found  to  be  incorrect,  and  the  commissioners 
appointed  to  consider  the  steps  to  be  taken  to  restore  the  lost  standard, 
recommended  the  construction  of  four  standard  yards  from  the  best 
authenticated  copies  of  the  old  standard.  These  duplicates  (a  copy  of 
which  exists  in  the  U.  S.  Mint)  Are  the  basis  of  English  and  American 
standards  of  length. 

The  subdivisions  and  multiples  of  the  yard  are  given  in  Table  I.,  at 
the  end  of  this  volume. 

Nearly  all  the  English  units  of  surface  are  squares  whose  sides  are 
equal  to  the  units  of  length.  The  square  and  cubic  inch  are  the  units 
most  frequently  employed  for  scientific  purposes. 

The  measures  of  capacity  are  related  to  those  of  length,  by  the  deter- 
mination that  a  gallon  contains  27T.274  cubic  Inches.  (^  101.) 

Where  volume  can  be  calculated  from  linear  measurements,  it  is 
usuil  to  estimate  it  in  cubic  yard*  cubic  feet  or  cubic  inchc'i      In  this 

Th     P         h     y       m        m  g-   at 
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equLvalent    to    39.it70i9   Eng  i6h   inches,   or    39.ot)b50j35    American 
inohps      Xator   determinations   have   shown    that   the   length   of   the 
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Btandard  metre  is  not  precisely  the  one  ten-millionth  pnrt  of  a  quad- 
rant. Thus  it  appears  that  the  metre  of  France  is  a  standard  of 
measure  not  less  arbitrary  tiitfa  the  English  yard. 

The  French  metre  is  subdivided  into  tenths,  called  decimetres;  hun- 
dredths, or  centimetres;  and  thousandths,  or  millimetres.*  The  names 
of  the  multiples  are  as  follows;  the  decametre,  ten  metres  ;  the  hecto- 
metre, one  hundred  metres;  and  the  kilomelre,  one  thousand  metres. 
This  last  length  is  equal  to  about  two-tbirds  of  an  English  mile,  and 
it  in  the  ordinary  road-measure  in  France, 

The  French  units  of  surface  are  sqnares,  whose  sides  are  equal  to 
ihe  units  of  length.  The  common  French  measure  of  land  is  the 
square  decimetre,  which  is  called  an  are. 

The  measures  of  capacity  are  connected  with  those  of  length  by 
means  of  the  litre,  which  is  a  cubic  decimetre,  (or  a  cube  measuring 
3,937  English  inches  on  the  side).  It  is  equal  to  1.765  Imperial  pints, 
or  somewhat  more  than  IJ  English  pints.     [See  Table  1.) 

The  cubic  metre  is  the  measure  of  bulky  articles,  and  has  received 
the  name  of  slere.  The  stere,  aa  well  as  the  litre,  and  the  are,  have 
decimal  multiples  and  subdivisions,  named  like  those  of  the  metre. 

I  of  ospacitj  and  length  it 


iir. 

19.  Divisibility. — By  mechanical  means  matter  may  he  reduced  to 
an  extreme  degree  of  comminution.  By  chemical  means,  and  the  pro- 
cesses of  life,  this  subdivision  is  carried  very  much  farther.  A  few 
illustrations  of  each  of  these  kinds  of  divisibility  will  suffice. 

Gold  IS  beaten  into  leaves  so  thin  that  one  million  of  leaves  measure 
less  thin  ■in  inch  in  thickness.  A  barof  silver  may  be  gilded,  and 
then  drawn  into  wire  so  fine  that  the  gold,  covering  a  foot  of  such 
(bread  weighs  less  than  gjj'gg  of  a  grain.  An  inch  of  this  wire,  con- 
taining _T  Sjjjji  of  a  grain,  may  be  divided  into  100  equal  parfa  dis- 
tinctly Msible  and  each  containing  ij.jnJ.ijjjj  of  a  grain  of  gold, 
tindor  a  niioroseope  magnifying  5fl0  timea  each  of  the"e  minute  pie-es 
may  be  again  subdivided  500 1  m  h      bd  h        g        b       ye 

the  same  apparent  mag    t  d  If  d  th     g  Id  h    w  th 

its  original   lustre,  colo  dhmlpptl  hgl       po- 

»«"*«  3.BD15,oVo.HIf1J  P^  '    ft*"  K       Iq        tty 

Ur.  WoDaston,  by  a        yg  dvi         bt        dpi  mwe 

for  the  micrometers  oftlpm  ly  ^f  hn 

diameter.    Though  plat      m  ly  th    I  t   f  k    w    bod       a 
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uiile  of  suijh  wire  would  weigli  onlj  a  grain,  and   150  strands  cf  it 
woulii  together  form  a  thread  onlj  as  thii'k  a'l  a  filament  of  raw  silk. 

A  grain  of  copper  dissolved  in  nitric  acid,  to  whicli  ia  afterwards 
added  water  of  ammonia,  wilt  give  a  decided  blue  color  to  392  cubic 
inches  of  water.  Now  each  cubic  inch  of  the  water  may  be  divided 
into  a  million  particles,  each  dietinctlj  Tisible  under  the  microscope, 
and  therefore  the  grain  of  copper  mu^t  have  been  divided  into  392 
million  parts. 

One  hundred  cnhic  inches  of  a  solution  of  comraon  Bait  will  be  ren- 
dered milky  by  a  cube  of  silver,  0*001  of  an  inch  on  each  side,  dissolved 
in  nitric  acid,  and  the  magnitude  of  eaoh  particle  of  silver  thus  repre 
Bents  the  one-hundred  billionth  purt  of  an  inch  in  $ize  To  aid  the 
student  in  forming  an  adequate  conception  of  so  vast  &  number  a»  a 
billion,  it  may  be  added  that  to  count  a  billion  from  a  clock  heating 
seconds,  would  require  31,688  years  continuous  counting,  day  and 
night. 

Minnte  division  in  the  animal  and  vegetable  klngdoins. — The 
blood  of  animals  is  not  a  uniform  red  liquid,  as  it  appears  to  the  naked 
eye,  but  consists  of  a  transparent  colorless  Quid,  in  which  Hoat  an  innu- 
merable mohitude  of  red  corpuscles,  which,  in  animals  that  suckle  their 
young,  are  Hat  circular  discs,  doubly  concave,  like  the  spectacle  glasses 
of  near-sighted  persons.  In  man,  the  diameter  of  these  corpuscles  is 
the  3500th  of -an  inch,  and  in  the  muslt-deer,  only  the  12,000tb  of  an 
inch,  and  therefore  a  drop  of  human  blood,  such  as  would  remain  sus- 
pended from  the  point  of  a  cambric  needle,  will  contain  about  3,000.000 
of  corpuscles,  and  about  120,000,(HI0  might  float  in  a  similar  drop  drawn 
from  the  musk-deer. 

But  these  instances  of  the  divisibility  of  matter  are  far  surpassed 
by  the  minuteness  of  animalcules,  for  whose  natural  history  we  are 
indebted  chiefly  to  the  researches  of  the  renowned  Prussian  naturalist, 
Ehrenberg.  lie  has  shown  that  ttiere  are  raa  y  f  es  f  th  e  crea- 
tures, 80  small  that  millions  together  would  n  t  ].ual  the  b  Ik  of  a 
grain  of  sand,  and  thousands  might  awim  at  on  e  th  gh  th  ve  of  a 
dl        Th       ■   fi   't    'm  i       ■      I  w  11     1  pt  d  t     1  f        th 

I  t  b  ast  d  th        rat  1    pi  y     il    h     ph       m  f  I  f 

d      t     t     Th  t  t  f   t  b  t  I    tl 

g  d  by    h  d  d       ted  t     g    t  fy  tl  pp  1 1  d  d 

th      J      g  rs     f  th         m         t  w     Id       Th        t  t   w  t  rs     f  th 

th  (       1  t  th        t        ph       1  ywh  p  p   1         w  th 

tl         t  tbjdthpwfl  fett 

th  b  Th  1  klt-arfl  fitat 

f  g  th         t       m         f    ooky    ttamyf  thke.         d 
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handreds  of  square  miles  in  extent.  The  polish ing-elat*  neer  Bilib, 
in  Bohemia,  oontaina  in  every  cubic  inch  about  41,000  milliuns  of  then 
aaimals.  Since  a  cubic  inub  of  this  slat«  weighs  220  grains,  there  muat 
be  in  a  single  grain  187  millions  of  slieletons,  and  one  of  them  would, 
therefore,  weigh  about  the  one  187-miilionth  of  a  grain.  The  city  of 
Richmond,  Va.,  baa  been  shown  by  Prof.  Bailey  to  rest  on  a  similar 
deposit  of  silicious  animalcules  of  exquisite  form.  It  is  impossible  to 
form  a  conception  of  the  minute  dimensions  of  these  organic  structures, 
and  yet  each  separate  organ  of  every  animalcule  is  a  compound  of 
several  organic  subatanoea,  each  in  its  turn  comprising  numberless 
atoms  of  carbon,  oxygen,  and  hjdrogen.  It  is  plain  from  these  exam- 
ples that  the  actual  magnitude  of  the  ultimate  molecules  of  any  body 
is  something  completely  beyond  the  reach  equally  of  our  senses  to  per- 
ceive, or  of  our  intellects  to  comprehend. 

20,  Atoms,  Molecules. — The  ultimat«  constitution  of  matter  has 
divided  the  opinions  of  philosophers  from  the  earliest  period  of  acience. 
Two  hypotheses  have  prevailed  ;  the  one,  that  matter  is  composed  of 
irregular  particles  without  fixed  size  or  weight,  and  divisible  without 
limit ;  the  other,  that  "  matter  is  formed  of  solid,  massy,  impenetrable, 
movable  particles,  so  hard  as  never  to  wear  or  break  in  pieces"  (New- 
ton), and  which,  being  wholly  indivisible,  have  a  certain  definite  sise, 
figure,  and  weight,  which  they  retain  unchangeably  through  all  their 
various  combinations.  These  ultimate  and  unchangeable  particles  are 
called  aloms  (meaning  that  which  cannot  be  subdivided). 

While  there  is  no  mathematical  objection  to  the  assumption  that 
matter  is  infinitely  divisible  (since  no  mass  can  be  conceived  of,  so  small 
that  it  cannot  be  mentally  subdivided),  physics  and  more  particularly 
chemistry  have  shown,  from  the  mutual  relations  of  bodies,  that  (heir 
constituent  particles  possess  definite  and  limited  magnitudes. 

The  term  molecule  {a  little  mass)  is  more  commonly  applied  to  what, 
in  chemistry,  are  aometimea  called  d'w  iaible  atoms  ,  i.  #  ,  to  a  group  of 
two  or  more  atoms,  e  9 ,  the  molecule  of  water  is  composed  of  at  least 
two  attiraa,  one  of  hylrogen  and  one  of  oxygen,  forming  together  a 
chemical  compound  The  phenomena  of  crystallization  show  us  that 
nioieculea  poaaeas  difierent  properties  at  difierent  ptunts  of  their  aur- 
facea.  While  their  form  is  unknown,  it  is  assumed  that  they  touch 
each  other  not  at  all,  or  only  at  a  few  points,  leaving  spaces  between 
them  which  bear  a  large  ratio  to  their  on  n  bulk  From  this  fact  result 
the  two  general  properties  of  compressibility  and  expansibility,  which 
are  next  to  be  considered 

21.  Compressibility. — Diminution  of  volume  in  solida,  by  mecha- 
nica'  means,  and  by  loss  of  heat,  ia  a  fact  long  familiar  to  all  who  are 
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couveraant  with  ciinatructionH.  Even  columns  of  stone,  and  arcnes,  sup- 
porting heavy  loads,  are  found  to  diminish  sensibly  from  their  original 
dimensions  by  pressure  alone.  Metala  are  compressed  by  coining.  In 
liquids  it  was  long  believed  tliere  was  no  compressibility,  but  in  reality 
liquids  possess  this  property  to  a  greater  extent  than  solids. 

1  Saiioa't  modificfttion  of  Perkins's  original  ftpparatns  serves  to 

iemonatiote  the  compresEibility  of  water.  A  strong  metalliu  tee- 
iel,  C,  fig.  I,  is  filled  with  wiiter,  and  closed  by  a  close  litting 
mteir  plug,  B,  flg.  2 ;  and  a  perfeetly  polished  ojlindrioal  piston  of 
pleeVA,  passes  water-tight  through  the  steel  collar,  P.    When  the 

induring  great  pressure,  which  is  also  filled  with  water. 

Pressure  to  an;  eitent  desired  ie  then  applied  by  means       2 
if  a   hydraulic    press.     It   is   etident   that  if  the   wat< 
of  volume  when  subjecled  to  pre) 


5,  the  pist 


e  forced 


o  set  fire 


)\al  of 


I    0  of  the  scale  S,  if  it  is  found,  after 
point,  as  in  fig.  2,  it  is  eviden 
nt  of  the  piston,  due  to  compression   of  thi 
,inad  in  the  cylinder  C.     On  removing  the  p 
I   the  elasticity   of  the   water   restores   the    origins 
1    Witer  is  found,  by  thi 

oillionths  of  its  volume  for  each  atmosphere  of 
.  «.,  far  a  pressure  of  fifleen  pounds  to  a  square 

In  air  and  all  gases  we  see  the  property  of  c 
iressibility  very  apparent.     The  air  syringe  is 
'   instrument  in  which  a  portion  of  a 
before  a  solid  piston,  with  the  evolution  of  so  much  heat  ai 

The  return  of  gase^  and  liquids  to  their  or  ginal  bulk  on 
the  condensing  forte  is  due  to  a  property  termed  elasliuly  Ihia 
quality  esiits  in  miny  solids  if  not  in  all  and  its  consideration  will 
be  resumed  bereafter 

22  Expanaibility  — Ihp  expansion  and  contraction  of  all  bodiea 
by  heat  an  1  eo!  i  is  a  faut  sufEciently  familiar  Upon  it  is  ba^ed  il  e 
construction  of  all  instruments  for  reading  changes  of  temperature,  for 
fl  description  of  which  the  reader  is  referred  to  the  chapter  on  heat. 

23.  Phyaical  pores.— The  facts  connected  with  the  compressibllitj 
gf  matter,  and  its  change  of  form  by  heat,  indicate  clearly  that 
the  atoms  of  matter  [assumed  to  be  unchangeable)  are  not  in  contact. 
The  spaces  existing  between  them  are  called  physical  pore-i,  on  the 
esistence  of  which  depends  the  property  of  yorosiiy.  Many  chemical 
phenomena  illustrate  the  existence  of  this  property,  If  equal  measures 
of  alcohol  aud  water,  or  of  water  and  sulphuric  acid  ate  miied,  th« 
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bulk  of  the  resulting  liquid  is  sensibly  leas  than  the  sum  of  the  two 
liquids  before  thej  were  mingled.  This  shrinkage  can  result  only  from 
the  insinuation  of  the  particles  of  one  Bubstanoe  among  the  pores  of 
the  other. 

The  great  amount  of  heat  developed,  during  these  experiments,  is  a 
Bignifiuaot  fact.  These  molecular  or  physical  pores  of  bodies  are  no 
more  sensible  to  our  organs  than  the  atoms  themselveB,  and  are  per- 
meable  only  to  light,  heat,  and  electricity. 

24.  Sensible  pores. — It  is  important  to  distinguish  the  molecular 
porosity  just  described  from  those  sensible  openings  which  gite  to  cer- 
tain substances  the  property  generally  known  as  porosity.  The  pores 
of  organic  bodies,  as  of  wood,  skin,  and  tissues,  are  only  capillary 
openings,  or  canals,  for  the  passage  of  fluids.  Nearly  all  animal  and 
vegetable  substances  present  these  sensible  pores.  The  familiar  pneu- 
matJo  experiment — the  mercurial  rain — is  an  illustration  of  the  porosity 
of  wood.  Many  minerals  and  rocks  are  porous.  Common  chalk  and 
clay  are  familiar  examples.  Hydrophane  is  a  kind  of  agate,  opaque 
when  dry,  but  translucent  when  wet  from  absorption  of  nater.  Even 
gold,  and  other  metals,  under  great  pressure,  as  in  the  experiments  of 
the  Florentine  academicians  in  1661,  are  found  to  esudeVater. 

25.  Mobility.— We  constantly  see  bodies  changing  their  place  by 
motion,  while  others  remain  in  a  state  of  rest.  The  capacity  of  change 
of  place,  or  of  being  set  in  motion,  constitutes  what  is  called  mobility. 

Wb  recogoijie  motion  only  by  comparing  the  body  moving  with  some 
other  bodv  at  rest.  If  that  rest  is  real  then  the  motion  is  absolute,  but  if 
it  is  only  apparent  then  the  motion  is  only  relative.  Thus,  on  board  ship, 
or  on  a  rail  car,  the  passenger  appears  to  change  his  place  in  reference 
to  objects  about  him.  But  all  these  objects  are  equally  in  motion  with 
himself. 

All  motion  on  the  earth's  surface  is  relative,  because  the  globe  itself 
is  impelled  by  a  double  movement — of  revolution  on  its  own  axis,  and 
of  translation  about  the  sun. 

Rest  is  also  abaoltile  or  relative.  Absolute  when  the  body  occupies 
really  the  same  point  in  space — relative  when  it  p  the    ame 

apparent  distance  from  surrounding  objects  r  ga  d  d  fix  d  but 
which  are  not  in  reality  so.  A  ship  sailing  six  m  1  n  h  against 
A  current  of  the  same  velocity  appears  to  perso  s  n  1  deefc  to  be 
advancing  with  reference  to  the  surrounding  wa  but        w  d  from 

the  shore,  or  by  comparison  with  olyects  on  shor  h  app  rt  a  rest. 
Absoluterest  is  of  course  unknown  on  the  earth,     n  ry  terr    trial 

object  partakes  of  the  double  motion  already  noticed,  and  it  is  doubtful 
if  anj  part  of  the  nniverse  is  in  absolute  rest,  aeein;;  that  the  sini 
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itself  with  the  whole  solar  sjatera  is  carried  arouiid -with  a  rapid  motion 
of  translation  in  space  about  a  central  sun. 

26.  Inertia. — No  particle  of  matter  possesBes  -within  itself  the 
power  of  changing  its  existing  state  of  motion  or  rest.  Matter  has  no 
BpiDQtaneoas  power  either  of  rest  or  motion,  but  is  equal);  susceptible 
to  each,  according  as  it  niaj  be  acted  on  bj  an  eiternal  cause.  If  a 
body  is  at  rest,  a  force  is  necessary  to  put  it  in  motion  ;  and  conyersely, 
it  cannot  change  from  motion  to  rest  without  the  agency  of  some  force. 
A  body  once  put  in  motion  will  continue  that  motion  in  an  unchang- 
ing direction  with  unchanging  velocity  until  its  course  is  arrested  by 
external  causes.  This  passive  property  of  matter  ia  called  inertia. 
Descartes  first  gave  definite  expression  to  this  law  in  his  "  Principles." 

When  we  are  told  that  a  body  nt  rest  will  for  ever  remain  so,  nnlesB  it  receivea 
■n  impulEs  from  some  ext«rnal  potiei,  tlio  mind  at  ddgo  assents  to  a  statement 


bodies  in  motion  will  continue  to  move  for  ever,  unless  arrested  by  external 
forces.     Casual  observation  seems  to  contradict  (he  assertion.     Oa  the  earth's 

We  may  observe,  however,  that  all  such  moving  bodies  meet  with  constant 
obstruction  ^'om  fricdon,  and  the  reeistauce  of  the  aii ;  aad  that  as  oae  or  both 
of  these  are  diminished,  the  motion  becomes  prolonged  and  continuous. 

The  familiar  apparatus  called  the  mnd-mill  in  rncuo  is  a  good  illustration  of 
tho  tendency  M  continued  motion  due  to  inertia— the  usual  caaaes  of  arrest  of 
motion  being  here  greatly  diminished 

The  planets  fuTuish  the  only  eiample  of  eiQslsnt  motion  These  ci'1e<tial 
bodies,  removed  from  all  the  casual  reaiaUn,.BS  and  ohstrnctuna  whi'-h  dialuib 
our  eipeniuents  at  the  earths  surface  rcll  in  in  their  appointed  orbits  with 
L  and  velocity  of  the 


27.  Action  and  reaction  — It  follows  as  a  necesiary  consequence 
of  the  inertia  ■  f  matter  that  when  a  body  JU  in  motion  strikes 
another  body,  M',  at  re'Jt,  the  action  of  M  in  imparting  motion  to 
M'  is  esai,tly  equaled  by  the  power  of  V  to  destroy  motion  in  M 
Hence  the  law  that  atlioit  and  reaction  ate  almaya  equal  end  opptaile 
It  is  here  assumed  that  the  bodies  impinging  are  entirely  devoid  of 
elasticity,  and  so  related  that  after  collision  they  shall  move  on  m 
one  body     It  is  also  true  f  jr  elastic  bodies     See  1 181 

I  2.  Of  Motion  and  Foicb 


28.  Varieties  of  motion. — We  distinguish  the  following  varietiM 
n  the  motion  of  a  body. 
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a — A  motion  of  traitslation,  OT  direct  notion  in  vh'oh  all  the  pointp 
of  a  body  move  parallel  to  each    the 

b — A  motion  of  rotation,  as  f  a  wl  1  n  an  ax  s  wl  ere  the  dif- 
fereot  parts  of  a  body  move  at  th  ame  t  me  in  d  Berent  d  rect  od8. 
OsciUatioH  or  vibration,  as  in  a  penduiu  n  nly  a  part  ular  case  of 
rotation. 

c — A  combination  of  translat  n  and  tat  as  n  tho  mot  ons  of 
the  earth. 

The  direction  of  motion  is  rep  nt  d  by  a  t  sight  line  drawn  from 
the  point  where  motion  comn  en  es  to  the  p  ut  towards  which  the 
body  is  propelled.  The  direction  is  rfctdinear,  -when  it  is  constantly 
the  same,  and  curmlinear,  when  it  varies  every  moment. 

29.  Time  and  Telooity. — As  all  the  phenomena  of  nature  may 
be  referred  to  motion,  so  the  succession  of  natural  phenomena  gives 
as  the  idea  of  duration,  or  timf.  Day  and  night,  mnnths,  and  the 
order  of  Uie  seasons,  are  nature's  units  of  time;  hut  in  physics  the 
invariable  unit  of  time  in  the  duration  of  a  single  oscillation  of  a  pen- 
dulum, called  a  seconds'  pendvlum,  the  time  of  oscillation  being  a 
second.  The  length  of  such  a  pendulum  at  London  is  39'14056 
English  inches.  The  distance  passed  over  by  a  moving  body,  in  a 
unit  of  time,  is  its  velocity,  represented  by  V  in  physical  forranlse. 
This  symbol  obviously  involves  both  time  and  velocity. 

30.  ITuifomi  motion.  —  A  body  moving  over  equal  spaces  in 
equal  times  is  said  \a  have  %m\form  motion.  It  follows  from  tho 
property  of  inertia  that  a  body  in  motion,  if  left  to  itself,  will  continnn 
its  motion  uniformly  both  in  time  and  direction. 

Proposition  I.  The  dislance  PisaED  oi'er,  in  iintjbrm  velocity,  is  pro- 
portioned to  the  time.  This  follows  directly  from  the  definition  of 
Telocity.  Denoting  by  2>  the  distance  passed  over,  and  by  Tthe  num- 
ber of  seconds,  we  have 

D=VXT,       V=B^,     andT-^^.. 

The  first  expression  is  called  tho  formula  for  uniform  motion,  and 
the  two  others  serve  to  calculate  the  velocity,  the  distance  and  time 
being  known ;  or  tho  time,  the  distance  and  velocity  being  given. 

It  follows  that  if  we  represent  T  by  one  of  the  longer  aides  (A  B)  of 
s  parallelogram,   A  B  C  D,  fig.  3,  and   F  by  one  of  3 

the  shorter   sides   (B  C)  of  the  same  parallelogram, 
then  the  area  of  the  parallelogram  A  B  C  D  represents   I 
tho  distance  passetl  over  by  a  moving  body  in  the  num-   I 
ber  of  seconds  denoted  by  T.  a 


31.  Vatiable  motion. — In   varying   motion   the  distances   passed 
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B  seconds  are  unequal.  In  this  case,  the  velocity  at 
auy  giren  instant,  is  the  relation  between  the  distance  traversed  and 
the  time,  considering  the  time  infinitely  small;  or  the  distance  that 
would  be  traversed  in  a  unit  of  time,  supposing  the  motion  at  the  given 
instant  to  he  continued  uniform  for  the  unit  of  time. 

32,  Motion  unifonnly  Tatied.— When  the  velocity  uf  a  body 
increases  by  a  eonatant  quantity  in  a  given  time,  it  i»  said  to  be  im»- 
formly  CKseieraied.  The  increase  of  velocity  in  a  second  is  called  its 
acceleration,  which  will  be  represented  by  v.  Uniformly  retarded 
motion  is  where  the  velocity  of  the  body  diininishea  by  a  uniform 
quantity  in  each  aecoud  of  time. 

Proposition  II.  The  change  of  veheily  in  uniformly  varying  motion, 
at  the  end  of  any  qvfn  time,  is  proportional  to  that  time. 

Let  u  be  the  initial  velocity,  that  is,  the  velocity  at  the  instant  from 
which  the  time  is  computed,  u  the  a  1  t  n  and  F  the  velocity  at 
theendof  (  seoonds,thenr=u+  t  Th  gn  +  orresponds  to  the 
case  of  uniformly  accelerated  mot  n  d  tl  gn  —  to  that  of  uni- 
formly retarded  motion.  In  the  la  t  a  e  the  1  city  becomes  null 
when  u  =  vl,  that  is  at  the  end  of  a  n  n  h  f  eonds  represented 
by  ;.  The  above  formula  in  fact  n  I  th  p  opoaition.  If  wa 
then  make  u  =  0,  that  is,  if  it  he  assumed  that  the  motion  starts 
from  a  state  of  repose,  we  shall  have  at  the  end  of  the  time  (,  r=  vt. 
This  is  what  we  announced  in  stating  that  the  velocity  acquired,  at  the 
end  of  a  given  time,  is  proportional  to  that  time. 

Proposition  III.  In  vniformly  accelerated  motion  the  distances  passed 
over,  6y  a  body  starling  from  a  stale  of  rest,  are  proportional  to  the 
squares  of  the  limes  employed. 

Eepresenting  the  time  by  the  line  A  B,  fig.  4,  and  the  velocity  at 
the  end  of  the  given  time  by  the  line  B  C,  * 

divide  the  time   A  B  into  minute  equal  ,     smp^ 

parts,  A-1,  1-2,  2-3,  3-4 .      i^     ; 

The  velocities  acquired  during  the  times  £„  if^     \        \ 

rcpreaentedby  Al,  A2,  A3,  A4,  will  be   a^^^^  \        ;         \ 

represented  by  the  lengths  of  the  several    f^^l        I     '-■     J !_ 

lines,   1  a,  2 6,  3 c.  Ad, —  —  which  a        i       2        1        4       n 

are  proportioned  to  these  times.  Suppose,  however,  that  during  eaoli 
minute  portion  of  time  A-1,  1-2,  2-3,  3-4  —  —  — ,  the  velocity  is  con- 
Btant,  and  equal  to  that  attainetJ  at  the  end  of  each  interval ;  the  motiot 
being  uniform,  the  distances  passed  over  during  these  several  sub- 
divisions of  time  will  be  represented  (30)  by  the  areas  of  the  parallelo- 
grams \  a',2l/,'ie', '■  —  — ,  and  the  distance  passed  over  at  the 

«Dd  of  the  time  A  B,  by  the  sum  of  these  parallelograms.     This  «um 
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differs  from  the  area  of  the  trii,ngle  A  B  C  by  all  that  passes  the  lino 
A  C.  It  is  evident  that  if  the  time  A  B  had  been  divided  into  a  larger 
number  (saj  double)  of  equal  parts,  the  sum  of  the  parallelograms 
would  have  been  less  in  excesB  of  the  triangle.  The  diminution  is 
indicated  by  the  areas  shaded  in  the  figure.  la  proportion  therefore 
as  the  subdivisions  of  the  time  A  B  are  more  numerous,  tlie  sum  of 
the  parallelograms  will  differ  less  from  the  area  of  the  trianjjle  ABC. 
Finally,  when  the  number  of  divisions  becomes  infinite,  that  is,  when 
the  velocity  varies  in  a  uniform  manner,  the  distance  passed  over 
during  the  time  A  B  wil!  be  represented  hj  the  surface  of  the  triangle 
ABC. 

But  tliat  area  =  }  A  B  X  B  0.  Substituting  A  B  =  ;,  B  C  =  F, 
and  recalling  the  value  of  F=  vl.  we  have  for  the  distance  passed 
over  H  —  JABXBC  or  I>  =  i  vf.a.  formula  involving  the  propo. 
sition  stated  above.  This  elegant  demonstration  is  due  to  Galileo,  who 
discovered  the  laws  of  uniformly  varying  motion. 

Corollaries.  Isl.  The  last  formula  shows  that  the  distance  passed 
over,  in  uniformly  accelerated  motion,  by  a  body  which  starts  from  a 
state  of  repose,  is  equal  to  the  distance  it  would  pass  over  with  a  uni- 
form mean  velocity.  2d.  It  follows  also,  from  the  same  formula,  if  we 
represent  by  a  the  distance  through  which  a  body  moves  in  the  first 
second,  we  can  easily  find  the  following  values  for  the  distances  it  will 
move  through  during  each  succeeding  second,  and  also  the  whole  dis- 
tance it  will  have  passed  through  at  the  end  of  each  second. 

Times,  1  2  3  4  5  n 

Saccessive  distances,       a  3a         5a         7a  9a       (2ii-l)o 

Whole  distances,  a  4a         9a        16a       25a        n'a. 

The  coefficients  in  the  last  series  are  as  the  squares  of  the  times,  while 
those  in  the  second  series  are  as  the  odd  numbers,  and  are  deduced 
from  the  last  series  by  subtracting  from  each  of  its  terms  the  one 
next  preceding  it.  3d.  The  distance  passed  over  during  a  given  time, 
in  uniformly  accelerated  motion,  is  equal  to  one  half  the  distance  which 
would  be  traversed  during  the  same  time  by  a  uniform  motion,  with 
the  velocity  acquired  at  the  end  of  the  given  time  ■  that  is  thf  velocity 
at  the  end  of  the  time  I  is  equal  to  vi  and  the  d  stance  wh  ch  it 
traverses  during  the  time  t  is  *ci  accord  ng  to  the  f  rm  !i  iih. 
To  determine  tie  velocity  acqu  red  d  terms  of  the  d  stanc6  parsed 
over,  it  is  necessary  to  eliminata  (  from  the  eq  at  ns  V^=  vl  and 
Dz=ivt',  which  gives  V=  -\/2~D 

The  velocity  is  said  to  be  due  to  the  d  stan  e  (D  )  an  esj.  e  s  on 
which  should  not  be  literally  interpreted. 

33.  Compoand  motion. — A  body  moving  along  a  right  line  may 
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partake  of  two  or  more  motioos,  in  which  case  its  path  will  be  the 
resultant  of  the  combination  of  these  motions.  Such  a  motioa  is  called 
a  eompoand  motion.  Daily  observation  confirms  this  statement,  which 
will  be  sufficiently  illustrated  when  we  consider  the  results  uf  com- 
pound Jorces, 

34.  Parallelogram  of  velocities.— The  composition  and  reaolution  of 
Tolooitias  will  bo  more  readily  ciplaiD«d  aod  illaaWated  when  ounsidering  Iba 
(oroes  in  which  motion  has  its  origin,  ai  they  follow  the  same  laws. 

II      OF  FORCES 

35  Definition  of  force —By^/ort,?  as  used  in  mechanics  we  mean 
any  cause  producing  or  mod  fyiug  motion  All  known  forces  under 
this  definition  haie  their  origin  in  three  causes  namely  1st  gravi 
tatton  r  the  mutual  attract!  n  of  bodies  for  eath  other  2d  the 
unknown  cause  of  the  pi  enomena  of  light  heat  and  electricity  ■ind 
3d  tife  or  the  mysterious  agency  pro  lui.ing  the  motions    f  animals 

Ihe  study  of  for  es  and  their  efi'ects  constitutes  the  SLienoe  of 
meckamca 

3b  Fotcea  are  definite  quantities  — A'j  we  readily  con  eire  of 
one  torce  a^  greater  than  another  so  we  understand  that  forces  are 
equal  when  o[erating  in  opp  ^iite  directions  they  mutually  balance 
each  and  produce  equil  1  r  um  The  same  may  be  true  of  the  action 
of  two  three  or  more  equal  f  rces  forming  by  tl  eir  uni  n  double 
triple  or  any  higher  combination  of  fori.e 

To  determine  a  focoe  with  precision  we  must  consider  three  things 
1st  the  point  of  ajplititwn  2d  the  dtrectwn  3d  the  inieistiy  or 
energy  with  whn,h  the  f  roe  atts 

It  IS  usual  to  represent  forces  like  other  raagn  tudes  ly  lines  of 
definite  lengths  Any  line  may  be  chosen  as  (he  «  iit  of  Juice  The 
direction  of  a  line  will  then  represent  the  J  rect  on  of  the  f  roe  starting 
from  the  point  of  application  and  (ts  length  w  11  represent  the  magni- 
tude, or  iniensity,  of  the  force  esfressel  by  the  nun  her  of  t  mes  thai 
it  contains  the  unit  of  force  A  f  rce  s  tl  eref  re  defined  n  each  of 
its  three  elements  by  a  1  ne  be  ng  th  s  bro  ght  w  tl  n  the  limits 
of  number,  geometry,  and  n  atl  emat    al  analjs  s 

37.  Weiglit;  Unit  of  Force  Dynamometara  — Wl  ere  a  body 
is  left  free  to  the  action  of  gravity,  but  is  held  immovably  by  some 
obstacle,  the  pressure  or  tension  which  it  eierta  on  the  point  of  support 
is  called  Its  laeighl.  It  is  important  to  distinguish  carefully  between 
the  words  weig} ',  and  gravity.  The  latter  signifies  the  general  cause 
which  produces  the  fall  of  al!  bodies  to  the  earth,  while  the  forjuM 
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meatiB  only  the  result  of  the  action  of  that  general  caiiae  i 
of  a  particular  body. 

The  common  unit  of  force  is  the  pound  avoirdupoia. 

The  -weight  of  a  body  may  be  rendered  sensible  by  the 
it  called  a  dynamometer,  or  measurer  of  force. 

ha  moat  simple  of  tiefls  is  represented  in  fig.  5 ;  it 
a.  steel  spring,  a  G  b.  The  metallic  arc  a  d  is  filed 
od  of  the  limh  O  a,  and  passes  freelj  through  an 
the  other  limb.  The  gradunled  arc  b  e,  H  fised,  in 
ir,  iu  the  limb  C  i.  The  amount  of  the  force  es- 
le  points  e  and  d,  detei 


alfld  arc  in  pounds  ai 

being  the  result  o!  aetnal  trial,  by  hanging  known  weight; 

upon  the  hook,  and  observing  Ihs  positions   marked  bj  the 

Many  forma  of  dynamometer  eiiat  of  whioh  the  spring  balance,  or 
Le  Roy's  dynamometer   is  the  most  fimiliar 

Le  Roy's  dynamometer  or  aprmg  bilan  e   fig  6   consists  of  a  steel 
Bpring,   coiled  within   a  cylin  fi 

drical  tube.     The  end  ft  of  the   , 
spring  is  attached  ti  a  rod  of 
metal,  graduated  in  p  unds  and  i 
the  applied  force,  b,  is  greater 

Reynier's  dynamometer  iig  7 
of  which  the  part  a  and  6  ap 
proaoh  each  other,  when  a  force 
ia  eierted  at  the  points  fn  and  n. 
Aq  arc  graduated  in  lbs,  is  at- 
tached to  the  spring  at  the  point 
d  needle,   r  o, 

w    k  d  by     1         c.    The  posi- 
ti        f  th  dl    upon  the  arc, 

d      t     th      m       t  of  the  force 
t  d     If  t      wished  to  de- 
t  th       t      gth   or    force 

t   1  ly      y         nal  or  machine,  as  the  strength  exerted  by  a  horse 

d  g      pi  w  through  the  ground,  it  is  only  necessary  to  attach 

d     f    h         strument,  as  n,  to  the  plow,  and  have  the  horsa 

attach  d  t     th        her  end,  m.     The  degree  which  is  marked  by   the 

wh       th    horse  moves,  represents  in  lbs.  the  force  exerted. 

Ap  th      dy     m  meter  is  often  used,  similar  in  coBstruoticn  to  tbs 
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lust,  only  that  the  force  is  eierted  at  the  points  a  ami  6,  fig.  7,  which 
are  made  to  approach  bj  a  oontriyance  similar  tu  that  shown  in  fig.  5. 

[t  ia  evident  that,  in  this  last  arrangement,  the  force  is  applied  in  the 
moat  favorable  position  for  producing  the  masimum  effect  in  collapsing 
the  spring ;  while  in  Rejnier'a  dynamometer,  the  force  ia  applied  where 
only  the  minimum  effect  is  produced,  and  the  instrument  is  therefore 
generally  employed  for  determining  only  very  considerable  forces,. 

38.  Bquilibiinm. — When  all  the  forces  acting  on  a  body  are  mu- 
ttally  counterbalanced,  or  neutralized,  they,  and  the  body  on  whiob 
they  act,  are  swd  be  in  equilibrium.  The  word  repose  and  (quilibrium 
are  to  be  carefully  distinguished,  however,  as  signifying  difrerent  cou- 
ditiona  of  a  body.  Repose  implies  simply  a  state  of  rest,  without 
involving  any  idea  of  motion.  Equilibrium  signifies  the  state  of  a  body 
which,  submitted  to  action  of  any  number  of  forces,  is  atill  in  the  same 
uoudilJin  as  if  these  forces  did  not  act.  By  the  definition  of  inertia 
(26)  a  body  may  be  in  motion  without  being  submitted  to  the  action 
of  any  force,  and  it  may  even  continue  its  motion  undisturbed,  aKhough 
it  becomes  subject  to  forces  producing  equilibrium,  since  such  forcea 
mutually  neutralise  each  other.  Equilibrium  does  not  therefore  include 
the  idea  of  immobility,  and  thus  the  words  repose  and  equiiibrium  have 
significations  essentially  unlike. 

Equilibrium  may  exist  without  any  point  of  support  or  apparent 
resistance.  A  balloon  in  the  air,  or  a  fish  in  the  water,  are  esamplea, 
but  the  balloon  and  fish  are  balanced  by  counteracting  forces  hereafter 
explained.  What  are  familiarly  known  as  eiamples  of  stable  or  unsta- 
ble equilibrium  are  only  special  cases  of  the  action  of  the  force  of 
gravity,  to  be  explained  in  their  proper  place. 

39.  3tatical  and  Dynamical  foxoea-Stalica  is  the  science  of 
equilibrium.  It  considers  the  relations  existing  between  the  three 
conditions  (36),  which  are  involved  in  the  case  of  every  force,  in  order 
that  eqoitibriuni  may  result.  Archimedes  was  the  author  of  this  portion 
of  mechanical  science. 

Dyaaiaies  considers  the  motions  which  forcea  produce.  The  founda- 
tions of  this  part  of  niechanical  science  were  laid  by  Galileo  in  the 
early  part  of  the  seventeenth  century. 

Bydrosiatics  and  Sydrodynamici  are  the  principles  of  atatica  and 
dyn arnica  applied  l«  the  phenomena  of  rest  and  motion  in  fluids. 

The  distinction  between  atalies  and  dynamics  is  so  far  artificial  that 
the  same  force  may,  according  to  circu  ma  lances,  produce  either  'res- 
sure  or  motion,  without  any  change  in  tlie  nature  of  the  force. 

40.  Direction  of  foroe. — It  is  self-evident  that  the  direction  in 
which  a  force  is  applied  must  deterniine  tb''  iiTRtttion  in  vliieb  the 


db,  Google 


20  PHYSICS  OF   SOXaSS  AND   FLUIDS. 

body  receiving  tlie  force  will  move,  if  motion  results,  or  of  the  reault- 
ing  pressure,  if  the  body  is  not  free  to  move. 

Moreoeer,  the  action  of  a  force  upon  a  body  is  independent  of  iis  staU 
of  rest  or  motion.  Daily  experience  and  observatiuii  confirm  this  state- 
ment, which  is  also  susceptible  of  ezperimenta!  proof. 

It  follows :  1st  That  if  two  or  more  forces  act  upon  a  body  at  the  same 
time,  each  of  these  forces  produces  the  same  efiect  as  if  it  acted  alone, 
BiDce  the  effect  which  each  produces  is  not  dependent  upon  any  motion 
which  the  others  are  capable  of  producing  in  the  same  body. 

2d.  Therefore,  a  body  under  tlie  infiueoce  of  a  force,  constant  both 
in  direction  and  intensity,  moves  with  a  constantly  accelerated  velocity ; 
for  as  in  each  second  the  variation  of  velocity,  v,  is  the  same,  in  t 
Becouds  it  will  be  ^  vt ;  i.  «.,  at  the  end  of  2  seconds  it  will  be  2v,  of 
3  seconds  Sn,  and  so  on.  In  other  words,  it  is  proportional  to  the  time. 
Reciprocally,  3d.  A  body  moving  in  a  right  line  with  a  uniform  aceel* 
ration  is  actuated  by  a  force  of  constant  intensity  acting  in  the  direction 
of  ila  motion. 

41.  MeaBure  of  forces.  Maes. — In  mechanics  forces  are  usually 
measured  by  their  effects  rather  than  by  weight.  The  effects  of  a  force 
depend,  other  things  being  equal,  on  the  moss  of  the  body  acted  on. 

The  mass  of  a  body  is  the  quantity  of  matter  the  body  contains,  and 
is  proportional,  in  the  same  substance,  to  the  number  of  its  molecules. 
Masses  are  ejuaiwhen,  after  receiving  for  an  equal  time  the  impulse  oi 
an  equal  and  constant  force,  they  acquire  equal  velocities. 

Since  we  know  forces  only  by  their  effects,  that  is  by  the  amount  of 
motion  or  pressure  they  produce,  let  ns  look  for  a  just  measure  of  any 
given  force  in  the  amount  of  motion  which  it  causes.  The  following 
four  propositions  will  render  this  subject  clear. 

42.  Propositions  in  regard  to  forces. — Propositiok  I.  Tibo  con- 
ttant  forces  are  to  each  other  as  the  masses  to  which  in  equal  times  they 
impart  equal  velocities. 

Consider,  for  example,  n  equal  force! /,/,/,  parallel  to  esoh  other,  noting  npoD 
n  eqoBl  maaaes  m,  m,  m.  Theeo  maeees  reoeive  equal  Telocities,  and  eonsa- 
qnently  preserve  the  aams  relative  positions,  and  we  readily  conceive  of  them, 
therefore,  as  hoand  together  to  form  one  mass  equal  to  n  X  m-  This  compound 
Osass  {n  X  "').  '"  '"^^'  '''"'  '*•  ™*r  poBaesB  the  Bame  veloeitj,  i',  which  auj 
single  maas,  m,  receijea  from/,  must  be  acted  on  by  the  force  n  Xf- 

Propositiok  II.  Two  constant  forces  art  to  each  other  as  the  velocitiei 
which  they  impress,  during  the  same  time,  upon  two  eq'udl  masses. 

Suppose  two  foicea  F  sad  /"  to  be  commeuBurable,  aud  let  I  be  their  common 
aeaiore,  go  that  F  =^  nl  and  f  =  n't.  Sepreaent  alEo  hy  u  the  velocity 
thlo|i  the  force  i  imparts  at  tbo  end  of  a  given  time  to  the  common  mass.    Ilw 
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ftirca  nl  wili  impart  to  this  mass  the  Telocity  V^  «v,  «ioce  each  force  eqn»} 
lo  i  ntta  aa  if  it  were  olune ;  in  like  mamier  the  force  n'l  wiV  impart  the  velo- 
nity  r=n'u  to  the  eame  mass.  IheDoo  follows  tliis  pioportion, 
nt:»'i=nu:«-u,  oi  F:  F"  =  V :  V  whicli  nas  to  be  proved. 
ir  the  forces  compared  are  not  sommenaurablo,  we  must  take  ( iniinilelj  BmalL 
Proposition  III.  Two  constant  forces  are  to  each  oiMr  as  Iheprodwtl 
of  ihe  masses  by  the  velociiies  which  they  impart  to  these  masses  in  the 

tet  F  I"  be  two  forces  acting  on  tbc  two  massen  MM',  and  imparting  to  them, 
at  the  end  of  Ihe  same  time,  the  Teloeitiea  Kand  F;  also  consider/another  force 
able  to  impart  to  the  mass  M,  in  the  same  Ome,  the  Telocitj  V ;  comparing  the 
forces  F  and/,  which  in  the  given  time  impart  to  equal  masses  M  )l  unequal  velo- 
lities  Fand  V,  it  foliowa  from  Proposition  11,  (hMF:/^  V:  i". 

Comparing  the  forces/ and  ;'',  which  impart  to  unequal  masses  J/ and  J/' equal 
veloeitiea  V  and  V,  it  follows  from  Proposition  r,  that:—/:  i"  ^  M :  M'. 

Multiplying  the  two  propositions  term  by  term  we  have  F:  F  =  MV:  31' V, 
which  was  to  be  proved. 

From  these  principles  it  follows,  that  the  measure  of  any  foree  ie 
obtained  by  selecting  some  unit  nf  force  to  serte  as  a  term  of  coiiipari- 
Bon  for  all  other  forces ;  such  a  force  actiog  on  a  unit  of  mass,  during 
one  second  (the  unit  of  time),  should  impart  to  it  a  velouity  or  aecele- 
ratiOQ  of  one  foot,  one  yard,  oae  metre,  or  any  other  arbitrary  measure, 
as  one  foot  per  second,  which  latter  meiisure  we  adopt. 

By  proposition  second  we  can  then  find  the  relation  that  any  forco  F,  acting 
en  a  mass  of  matter  during  one  second,  will  heat  to  the  unit  of  force.  For  if 
F-  is  the  unit  of  force  in  the  proportion  F:F-^SIV:  il'  V,  then,  by  (He  defl. 
nition,  both  i/'  and    P  are  equal  to  unity,  and  wo  have  F  =.  M  V.     That  is, 

are  nnila  in  the  product  of  the  Dumber  il  into  the  number  V.  Assume,  for 
example,  that  the  mass  moved  is  aqoa!  to  all  units  of  mass,  and  Ibe  i-ecelerail on 
c  in  a  unit  of  time  is  equal  to  ten  feet,  then  the  intensity  of  the  force  Is  equal 
to  aiity,  i.  t.,  siily  times  the  unit  of  force.     Hence  we  dBduce  the  following  :— 

Proposition  IV,  The  measure  of  a  force  is  the  product  of  the  mass 
moved  by  the  acceleration,  or  velocity,  imparted  in  a  vnii  of  lime." 

43.  Momentum. — ^The  niuntentum  of  a  moving  body  is  its  amount 
of  motion,  or  its  tendency  to  continue  in  motion.  The  momentum  of 
a  body  is  equal  to  its  mass  multiplied  by  its  Telocity.  When  a  force 
acts  upon  a  body,  free  to  moTe,  it  produces  its  effect  as  soon  as  motion 
is  diffused  among  all  the  molecules,  and  the  force  is  then  transferred 
into  the  substance  of  the  moving  body.     In  consequence  of  the  inertia 


Inerdft  of  the  body. 
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of  mntter  (26),  if  the  moving  body  should  meet  no  resistance,  it  wouU 
flontioue  to  move  with  the  same  velocity,  and  in  the  same  direction, 
for  ever. 

The  espceasiiin  Mv  represents  the  intensity  of  the  force  irhich  hns 
Bet  the  body  in  motion,  and  JfT  represents  the  amount  of  force  that  is 
st  any  time  accumulated  and  retained  by  the  inertia  of  the  moving 
body.  In  either  case  the  moving  body  is  supposed  to  encounter  lo 
resistance  from  any  other  object. 

It  is  a  tandamBnlfii  priuoipla  in  mechanics  that  the  eame  torca  acting  upo« 

suoeeBaively  projected  balls  whose  maeses  were  as  the  numbers  1,  2,  3,  Ac,  it 
would  impart  to  them  tho  velooitiea  1,  J,  J,  Ac,  so  that  a  mass  ten  times 
greater  would  acquire  a  velocity  of  only  J^.     The  product  of  eaeh  of  these 

When  a  moving  body  encounters  resistance,  depending  not  only  upon  inertia, 
but  also  upon  other  propertiss  of  matter,  Ihe  effects  produced  depend  upon  the 
rqildit;  wiUi  which  the  force,  expressed  by  momentum,  is  brought  to  act  npou 
Ihs  opposing  body.  This  class  of  efieota  is,  therefore,  proportioned  to  momen- 
tum, muldplied  by  velocity.  This  product  ^fV'  h  called  ii«  f  iia,  the  appliea- 
tjon  of  wbioh  to  praodcal  mechanics  will  be  explained  hereafter  (111].  By  Ihe 
principle  tbat  action  and  reaction  are  equal  (27),  we  know  that  when  a  musket 
is  discharged  the  force  of  the  explosion  reacts  upon  tba  musket  with  the  same 
intensity  as  it  projects  the  ball.  According  lo  the  principles  of  momentum,  the 
weight  of  the  gun,  mnltiplied  by  the  velocity  of  the  recoil,  must  be  equal  to 
the  weight  of  the  ball,  multiplied  by  the  velocity  of  lis  projef  tion,  yet  the  recoil 
of  the  gun  is  received  by  the  sportsmen  with  perfect  impunity,  while  the  moving 
ball  deals  death  or  destruction  to  opposing  objeata. 

44.  System  of  forces  Components  and  resultant. ^Whatever 
may  be  the  number  a  d  d  reo  n  f  f  r  es  qo  ng  up  u  one  point,  they 
can  impart  motion  or  p  es  ure  n  only  ne  d  e  t  on  We  therefore 
assume,  that  there  s  a  s  >,  e  f  r  e  !  I  an  p  du  e  the  same  action 
as  the  system  of  for  ea  and  n  ay  repla  e  then  Th  s  is  called  the 
r«s«?(on(,  and  the  forces  io  whose  effect  t  s  eq  \alenf  are  termed  the - 
components.  The  c  mp  n  s  and  re  u  tant  n  iy  be  interchanged 
without  changing  the  condition  of  the  body  acted  on,  or  the  mechanical 
effect  of  the  forces  themselves. 

A  force  is  therefore  raechanically  equivalent  to  the  sum  of  its  com- 
ponents. On  the  other  hand,  any  number  of  forces  are  mechanically 
equivalent  to  their  resultant.  As  we  know  forces  only  by  their  effects 
in  producing  motion  or  pressure,  any  forces  which  produce  equal 
motions  or  pressures  are  equal.  We  shall  proceed  to  illustrate  this 
proposition  in  a  few  particular  eases. 

45.  Tbe  parallelogiam  of  forces. — It  has  already  been  stated  that 
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forces  maj  lie  represented  by  liiiea,  both  in  direction  and  intensity ; 
alao,  that  two  forces  acting  on  the  same  or  equal  masses  of  matter, 
are  to  each  other  aa  their  velocities,  or  J^ :  j^'  =^  P  :  I'".  The  same 
principles  will  therefore  apply  to  the  combinations  of  forces  that  apply 
to  the  combinations  of  velocities  or  of  motions. 

When  several  forces  act  on  a  body,  they  may  be  arranged  in  three 
ways,  according  to  their  direction.     The  forces  may  act, 

1.  All  in  one  direction  ; 

2.  In  eiaetly  opposite  directions ;  or 
3    At  some  angle. 

In  the  first  case,  the  resultant  is  the  earn  of  all  the  forces,  and  the 
direction  is  unaltered.  In  the  second,  the  resultant  is  the  difference 
of  the  forces,  and  talies  the  direction  of  the  greater.  If  opposite  forces 
are  equal,  the  resultant  is  nothing,  and  no  motion  is  produced.  In  the 
third  case,  a  resultant  is  found  to  two  forces,  whether  equal  or  unequal, 
by  the  parallelogram  of  forces,  according  to  the  following  law.  By 
any  number  of  forces  acting  together  for  a  given  Urns,  a  body  is  brought 
to  the  same  place  aa  if  each  of  the  forces,  or  one  equal  and  parallel  to  it, 
had  acted  on  the  body  separately  and  successively  for  an  equal  time. 

Suppose  two  forces,  at  right  angles  to  each  other,  act  simultaneously 
on  the  point  a,  Sg.  8,  one  in  the  direction  ax,  8 

and  the  other  in  ihe  direction  a  y.  Let  one  ^ 
force  be  such  that,  in  a  given  time,  as  a  second, 
it  will  move  the  point  from  a  to  6,  while  the 
other  will,  in  the  same  time,  move  it  from  a  to 
e,  then  by  the  joint  action  of  both  forces  it  will 
be  impelled  to  >■  in  the  same  time.  The  first 
force,  by  its  separate  action,  would  impel  the 
body  to  6  in  one  second,  and  if  it  were  then  to  cease,  the  second  force, 
or  one  equal  and  parallel  to  it,  would  impel  the  body  to  r  in  the  same 
time ;  or  the  body  might  be  carried  from  a  to  c,  and  from  c  to  r ;  in 
either  case  the  result  is  the  same. 

If  a6=^^  ac=  I^  andar^^,  then  S^i/x"  +  T".  If  we  call 
the  angle  rab  =  a      cis.  a  =  -^.      and  sin.  o  =  -. 

Again,  suppose  the  forces  act  at  an  oblique  angle ;  let  the  point  P, 
fig.  9,  be  acted  on  by  two  forces  in  the  directions  P  A  and  P  B.  On 
P  A,  measure  Pa,  containing  as  many  units  of  length  as  the  force  A 
contains  units  of  force ;  and  on  P  B  talte  P  6  in  the  same  manner. 
Complete  the  parallelogram  V  acb;  the  diagonal  P  c  will  repre- 
sent the  direction  of  a  single  force  C,  eauivalent  to  the  combined  effect 


/* 
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of  A  and  B    and  P  c  will  contain 
tains  units  of  furce. 

la  tVie  enme  manner  a  result- 
ant may  be  found  for  tliree  or 
any  niiralier  of  motive  forces,  by 
conipnonding  them,  tiro  by  two, 

h,'     '    ' 
Baglo  P  a 


forces.  Wemaythf 
the  aide  P  e  that  i 
of    the  reaaltanl,    and 


iny  units  in  length  as  C  cm 


Let  the  point  a,  fig.  10,  be  subjected  to  the  forces  whose  magnitudes 
and  directions  are  represented  by  the  lines  a  6,  a  C,  and  a  d.  We  first 
take  any  two  which  lie  in  10 

the  same  plane,  as  a  6  and  ^ 

aC,  and  find  their  result- 
ant a  X  ;  and  cximpounding 
this  with  the  third  force  a  d, 
we  find  ay,  which  Ttill  re- 
present Qie  magnitude  and 
direction  of  the  general  re-  /  ^V'' 

Bultant  of  all  three  forces.  Li''"  ^ 

The  resultant  of  any  num-       « 
ber  of  forces  can   therefore 
be  determined  liy  geometrical   construoti 
known  geometrical  principles. 

This  system  of  compounding  forces  is  called  the  paraltdogi 
forces,  and  applies  equally  to  the  combination  of  velocities  or  motions. 

In  order  that  the  body  may  move  in  the  straight  line  a  r  {fig  8),  the 
twoforoes  musta,^  in  the  same  manner.  They  may  be  instantaneous  im- 
palses,  which  will  cause  uniform  motion  ;  or  both  may  act  oontinuousily 
and  uniformly,  so  as  to  produce  a  uniformly  accelerated  motion ;  or, 
both  forces  may  act  with  a  constantly  varying  intensity,  increasing  or 
diminishing  at  the  same  rate,  and  the  body  wilt  stil!  move  in  a  straight 
line.  But  if  one  force  is  instantaneous  and  the  other  constant,  or  one 
constant  and  the  other  variable,  or  both  varying  by  different  laws,  then 
the  body  will  move  in  a  curve;  but  in  every  case  it  will  roaoh  the  pcin* 


r  calculated  from   well 


'f 
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r  in  tha  same  time  that  tt  would  have  passed  from  a  to  6,  or  from  a  to  c, 
by  the  separate  action  of  either  force. 

If  the  three  furces  ab.  aC,  and  a  d,  all  pass  through  the  same  point, 
we  may  construct  a  parallelopipedon,  as  shown  in  fig.  10,  and  a  y,  the 
diagonal  of  the  parallelopipedon,  will  represent  the  direction  andinlen- 
sity  of  the  resultant  force.  This  method  of  compounding  foroRS  is  called 
the  parallelopipedon  of  forces. 

Examples  of  the  composition  of  motion  and  force  are  of 
constant  and  familiar  Oi 


himself  in 


n  direction  perpendiculftr  to  tia  feel 


of  the  air  is  perpendicular 


and  hands,  and  if  the  fori 

birds.     While  flying,  their  wiogs  perfom 
against  the  nir  with  equal  force. 

In  the  case  of  flying  birdf,  the  n 
to  the  surface  of  the  wings,  and 
may  be  represented,  fig.  11,  hy 
C  A  and  D  A,  at  right  angles  to 
their  surface.  Neither  of  these 
pressures  tends  to  impel  the  bird 
Straight  forward,  but  it  moves  in 
their  rtsiiltani ;  for  if  the  wings 
are  equally  estended,  and  act  with 
equal  force,  the  lines  C  A  and  D  A 
make  equal  angles  with  A  B,  pass- 
ing through  the  centre  of  the  bird, 
and  hence  their  diagonal,  or  A  G, 
the  diagonal  of  equal  parts  of 
them,  will  coincide  with  A  B,  and  the  bird  will  fly  directly  forward. 

46.  Faiallel  forces.  Resnitant  of  unequal  parallel  forces. — 
Two  forces,  acting  side  by  side,  produce  the  same  effect  as  if  thej  were 
in  the  same  straight  line.  Two  horses  drawing  a  cart  is  an  esample. 
Hence  the  resultant  of  two  parallel  forces  acting  in  the  same  direction 
is  equal  to  their  suvt,  and  is  parallel  to  them,  and  when  they  arc  equal, 
is  applied  midway  between  them. 

If  the  parallel  forces  are  unequal,  the  point  of  application  of  the 
resultant  may  be  found  by  the  following  experiment.  Let  A  B,  fig  12, 
a  bar  of  uniform  thickness  and  density  be  balanced  on  ita  centre  C. 
TTe  may  suppose  the  bnr  to  be  divided  into  two,  A  D  and  D  B,  uf 
unequal  lengths,  which  might  bKd  be  balineed  on  their  centres  E 
and  F.  Now  we  have  twr  y^r1lIel  and  unequal  force!- — the  weight 
of  A  D  and    the  weight   of  D  B^whose   resultant   is    not   midway 
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between   their  points  of  application,  E 

which  ia  nearer  E  than  F  in  the  esaot  ri 

thiit  at  F ;  for  the  weights 

of  the  two  bars  are  as  their       ^ 

lengths,  and  C  E  It 

half  the  length   DB, 

OF  half  the  length  of.; 

BO  that  C  B  is  to  C  I 

to'sdi/  as  the  weight  at  E  is 

to  the  weight  at  F,     The  truth  of  this  conclusion  may  be  tested  hy  sus- 

pending  at  E  and  F  two  additional  weights  which  have  the  same  ratio 

to  each  other  as  A  D  to  D  B,  and  the  equilibrium  wili  be  undisturbed. 

Hence  the  resultant  of  two  parallel  hut  unequal  forces  is  equal  to 
their  sum,  and  its  distances  from  them  are  inversely  as  their  intensitiei. 
Thus,  in  6f;.  IS,  if  any  two  parallel  18 
forces  net  at  A  and  A',  and  their  inten- 
sities are  expressed  by  A  B  and  A'  B',      iL^ ^B' 

then    their    resultant  will   be   repre-         \     '''--Jf.' 

sented  by  P  R,  provided  it  acts  at  P,         Ji     ^ 

a  point  so  situaMd  that  P  A' :  P  A  =  \^-!^  i 

A  B :  A'  B'.     The  same  will  be  true  -^ --"f  "'-■...._  '^        / 

whatever  be  the  common  direetioii  of  --•.,.      ";~  ■•-,,    ■'  / 

the  forces ;  if  the  positions  of  A  B  and  "  '■'c       ''^ 

A'  B'  are  changed  to  A  C  and  A'  C, 
then  P  R  must  move  to  P  R',  and  equilibrium  equally  obtains. 

47.  Reaultant  of  two  parallel  forces  aoting  in  opposite  direc- 
tions.— The  resultant  of  two  parallel  forces,  which  1* 

act  in  opposite  directions,  is  found  by  the  same  con- 
struction as  before,  but  it  is  equal  to  the  difference 
of  the  intensities  of  its  components,  and  takes  the 
direction  of  the  greater.  Its  point  of  application, 
fig.  14,  is  in  the  prolongation  of  the  line  A  B,  at  the 
point  C,  situated  so  that  C  B  and  C  A  are  in  the  in- 
verse ratio  of  the  forces  Q  and  P.  The  point  C  will 
bo  further  removed  as  the  difference  between  the 
fcrces  P  and  Q  are  diminished,  bo  that  if  the  forces 
were  equal,  the  resultant  would  he  nothing',  and  situated  at  an  inSiiite 
distance. 

The  general  resultant  of  any  number  of  parallel  forces  may  be  found 
by  compounding  them,  successively,  two  by  two,  in  the  methods  already 
prescribed. 

48.  Conp''ea. — Whenever  a  body  is  solicited  hy  two  forces  which 
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are  equal,  parallel,  and  acting  in  opposite  directions,  it  is  impossible  to 
replace  them,  or  produce  equilibrium  by  a  single  force.  Such  a  sys- 
tem of  forces  is  called  a  couplf,  and  its  tendenuj  is  to  produce  rerolu 
tion  around  an  usis.  In  this  case,  the  ralue  of  the  resultant  is  evidently 
equal  to  zero,  and  fhe  point  of  application  is  also  at  an  infinite  distance 
from  the  points  of  application  of  the  two  oquai  components. 

40,  Two  forces  not  parallel  and  applied  to  different  points 
may  have  a  resultant,  if  they  lie  in  the  same  plane.  It  is  founiJ  by 
estending  the  lines  of  direction  until  they  intersect.  But  if  the  forces 
are  not  parallel,  and  lie  in  different  planes,  then  the  directions,  though 
infinitely  prolonged,  will  never  intersect,  and  they  cannot  have  any 
single  resultant,  or  be  in  equilibrium  by  any  single  force. 

50,  The  resolution  of  forces  is  the  converse  of  their  composition. 
Since  two  or  more  forces  can  be  replaced  by  a  single  force,  so,  com- 
monly, we  may  substitute  two  or  more  forces  for  one  ;  and  since  an 
infinite  number  of  systems  may  have  the  same  resultant,  conversely, 
one  force  may  be  replaced  in  innumerable  ways  by  a  system  of  several 
forces.  But  if  one  of  two  required  components  is  given  in  magnitude 
and  direction,  there  can  bo  biit  one  solution,  and  the  problem  Is 
definite. 

When  a  force  acts  upon  a  body  at  any  other  than  a  righl  angle,  a 
part  of  its  effect  is  lost.  By  resolving  such  an  oblique  force  into  two, 
one  parallel,  and  the  other  perpendiiuUr  15 

to  the  body,  the  latter  romponent  will  re-  jj_  ,  i 

present  the  actual  force  produced.    Let  a  b,      Bvc" " I 

fig.  15,  represent  a  force  acting  under  the      M    ^~.. 
angle  a  b  c  against  the  surface  M  N.     Re-      i  ^~\^ 

solve  a  6  into  a  c  perpendicular  to  M  N,      B  ^~\,^ 

and  a  d  parallel  with  it ;  then  a  c  will  be      | ^^1 

the  absolute  effect  of  the  force,  and  a  6 —      ^  "^ 
th    1  " 

Ex  mpl  f  the  resolution  of  force. — The  sailing  of  a  boat  in  a 
d  t  d  fi  t  from  the  wind  is  a  most  familiar  illustration  of  these 
p  {1  F  example:  the  wind  blows  in  the  direction  va,  fig.  16, 
bl  q  t  th  ail,  and  to  the  course  of  the  boat,  and  its  force  is 
1  d  t<  tw  components,  one  acting  in  the  direction  ea,  impelling 
th     b    t  t      ourse  in  the  line  of  least  resistance,  the  other  in  the 

d  re  t  b  t  ng  to  carry  the  boat  laterally  on  in  the  line  of  greatest 
es    t  A    tl  e  model  of  the  boat  allows  it  to  advance  freely  through 

th    w  te        tl     direction  ca,  while  it  offers  great  resistance  to  lateral 
t         th    f         of  the  wind  resolved  in  the  direction  6  a  produces 
I  ttl      fT    t     po     the  motion  of  the  boat,  she  being  held  to  her  course 


db,  Google 


PHYSICS   OP  SOLIDS  AND   FLUIDS, 


by  the  rudder.     A  skillful  sailor  can,  by  thus  availing  himself  of  the 
principles  of  resoli!tion  of  force,  sail  hia  vessel  o 


the  wind  which  impels  it. 


51.  Of  ourviliaear  motion. — It  has  been  shown  that  a  body  acted 
upon  by  two  forces  will  move  in  a  direction  which  is  the  resultant  of 
the  two  forooa.  If  one  of  two  forces  acting  upon  a  body  is  a  continu- 
ous force,  acting  in  a  direction  tending  to  turn  the  body  out  of  the 
course  it  receives  from  the  other,  the  resultant  will  not  be  a  straight 
line,  but  a  curve,  having  its  concavity  turned  towards  the  direction  of 
the  continuous  force.  If  at  any  instant  the  continuous  force  ceases  to 
act,  the  body  will  continue  to  move  in  the  direction  in  which  it  waa 
moving  when  the  constant  force  ceased  to  act..  This  direction  will  be  a 
tangent  to  the  curve  at  that  point 

52.  Centrifugal  and  oen  peta  forces.—Let  us  consider  a  mat»- 
rial  point  moving  i  oeity  in  the  circumference  of  a 
circle.  The  results  h  oting  on  the  particle  will,  thera- 
fore,  by  the  necessi  p  -^s  through  the  circumference  of 
the  circle.  In  this  h  e  h  eh  prevents  the  moving  particle 
from  darting  off  in  a  h  circle  is  called  the  centripetal,  or 
cmtre-^eekuig,  force.  This  force  at  every  instant  arrests  the  tendency 
jf  the  particle  to  fly  away  from  the  centre.  The  tendency  of  the  par- 
ticle to  fly  away  from  the  centre  is  called  the  centrifugal,  or  rxntre- 
flying,  force.  These  two  forces  are,  together,  termed  central  forces. 
They  are  necessarily  antagonistic  to  each  other  at  every  instant  of  ouc- 
vilinear  motion. 


eight  point*, 
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em  of  centra)   fori 


B  velocity  acquired   in  paesiug 
orce  inlerreoed;  while  by  reason 


jcle  follow 


a  teaultan 
arallel  to 


c,  fori 


tag  the  E 


,d  parallelogra 


Telocity  of  the  parfiela  following  the  diagooal  m  a  may  be  decomposed  into  t. 
two  components;  one  mc  in  the  patb  of  the  circular  motion,  and  the  secoi 
m  d  following  tbe  radins.  This  qnantitj  (ni  d)  reproBents  the  eenlri/ogat /on 
aDd  as  m  iJ  =^  a  c  =  m  t,  it  follows  that  at  each  instant  of  the  eircular  motii 
Che  centripetal  and  centrifugal  forces  exnotly  cODoterbalance  eaeh  other,  ai 
that  tlie  sule  resulting  motion  is  in  tho  arc  mc.  If  at  any  inatont  the  oenti 
petal  force  ceasoa  to  act,  m  a,  the  resultant  of  the  foroes  m  r, 


n  the  path  of  the 
bo  understood  U 


ingDEt  t 


Tho  I 


n  the  tange 


Ezantplea  of  the  action  of  centiiftigal  force. — A  atone  flies  From 
a  sling  with  a  velocity  equal  t<i  the  force  acquired  by  its  revolution  at 
the  moment  when,  by  releasing  one  of  the  strings  from  the  finger,  it 
flies  off  in  a  line  tangent  to  the  point  of  roleaao.  The  water  fliea  from 
a  grindstone,  or  mud  from  a  carriage  wheel,  whenever  the  centrifugal 
force  due  to  the  velocity  of  revolution  is  sufficient  to  overcome  the  force 
of  adhesion.  The  rapidity  of  revolution  may  be  sufficient  in  a  grind- 
stone to  overcome  the  cohesion  of  the  particles  of  the  slone,  when  it 
bursts  with  a  loud  explosion,  carrying  death  and  destruction  in  its  path. 
A  pa  I  fill  d  w  th  water  may  be  whirled  with  such  velocity  that  tho 

nt    fugal  f      e  overcomes  the  force  of  gravity,  and  the  liquid  is  not 


5      E£pe  imental  demonBtration  of  the  effects  of  centrifugal 

fo  ce  — Ih      Efects  of  centrifugal  force  may  be  illustrated  by  the  appa- 
t         p        nt  d  in  flg.  18.    A  wire  is  stretched  upon  a  frame  a  b,  con- 
nected with  an  upright  sliaft,  which  is  made  to  revolve  rapidly  by  meana 
of  a  cord,  as  shown  in  the  figure.  Twoperforatedballs,  united  by  a  string,- 
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slide  freolj  upon  the  lioriaontal  wire.   If  the  two  eliding  balls  ire  of  equal 
weight,  and  are  placed  at  equal  distancea  from  the  uxih  of  rotatioD,  etill 


y  the  string,  thej  will  retain  the  same  position  with  anj  velo- 
city of  rotation  which  may  be  given  to  the  apparatus ;  but  if  one  of  the 
balls  18  more  distant  from  the       '     th       th       th       't  w'U  d    w  th 
other  along  with  it,  and  both  b  11    w  11        k     th        ppo  t       tl 
side,  provided  the  distance  botw        th    b  11        1       11        h  If  (h     1 


If  the  two  balls, 
from  the  axis,  have  i 
other  towards  its  ow 


nited  a   b  f 


dpi 


!  d    I 


side  of  tl        pp      t  T  q     1   b  11 

united  in  the  same  manner,  will  t       t    f  th       d    t  f    m 

the  axis,  on  opposite  aides,  are  in  the  inverEe  ratio  of  their  masses. 
Admitting  that  the  centrifugal  force  is  proportional  to  the  mass  of  the 
body,  these  experiments  prove  that  the  centrifugal  force  is  proportional 
to  the  radius  of  the  circle  described,  when  the  times  of  reTolution  are 
the  same. 

To  demonstrate  the  effects  of  centrifugal  force  in  liquids,  the  appn- 
tatus  shown  in  the  upper  part  of  fig.  19  is  attached  by  screws  to  the 
coupling  at  the  top  of  the  re- 
volving shaft  shown  in  fig.  18. 
Two  flasks  with  long  noeks  are 
placed  obliquely,  communica- 
ting with  a  reservoir  filled  with 
liquid  placed  at  the  middle  of 
the  bar  which  supports  them. 
As  the  apparatus  is  rapidly  re- 
Tolved,  the  liquid  rises  into  the  fliskg  ani  ^gain  de  aU  when  tta 
motion  is  arrested.  If  the  vase,  fig  -O,  containing  water,  la  attached  t« 
the  machine,  and  made  to  revolve,  the  surface  of  the  water  becomes 


:,  the  w 


ising  by  the  sides  of  the  glass,  the  surface  become 
:ave  as  the  motion  bccomoa  more  rapid.    The  piece 
of  apparatus  shown  at  the  bottom  of  fig.  19  carries  two  inclined  tubes, 
1  a  metallic  ball,  the  other  water  and  a  ball  of 


lagm 
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wood  floating  on  its  surface.  As  the  rotation  becomes  rapid,  the  wi-ter 
rises  to  the  l«p  of  tlie  tubes,  the  ball  of  wood  then  descends,  and  take» 
a  position  on  the  inferior  surface  of  tiie  liquid,  while  the  20 

metallic  ball  advances  through  the  liquid,  and  rises  to 
the  most  elevated  extrenjitj  of  the  tube  which  contains  it, 
the  liquid  itself  rising  to  the  osterior  end  of  the  tube. 

The  differsnt  effeet  upon  the  two  balls  results  from  the 
fact  that  the  metal  has  a  greater  mass  than  an  equal 
volume  of  the  liquid,  while  the  contrary  is  true  of  the 
wood  ;  the  centrifugal  force  being  in  proportion  to  the 
mass,  the  tendency  is  to  carry  the  denser  substance  to  the 
greater  distance  from  the  axis  of  rotation. 

If  a  tube  contains  different  liquids  incapable  of  acting  chemically 
upon  each  other,  they  will  place  themselves,  during  rapid  rotation,  in 
Buch  an  order  that  the  denser  fluid  will  be  more  distant  from  the  axis, 
the  outward  tendency  being  directly  proportional  fo  the  mass  of  matter 
in  a  given  volume.  These  effects  do  not  take  place  till,  by  the  rapidity 
of  revolution,  the  centrifugal  force  becomes  greater  than  the  force  of 
gravity.  The  common  circular  or  fan  blowing  machine  is  an  esample 
of  the  action  of  centrifugal  force  on  bodies  in  a  gaseous  condition. 
A  centrifugal  pump  has  been  devised  acting  in  this  manner.  The  fan- 
blower  is  also  used  as  a  ventilator,  drawing  its  supply  of  air  from  the 
space  to  be  ventilated,  to  supply  that  tiirown  out  by  the  tangential 
opening. 

The  centrifugal  drying  machine  for  laundries  consists  of  a 
very  large  upright  cylinder,  having  a  amaller  cylinder  within  it.  The 
circular  chamber  between  the  two  cylinders  is  closed  by  covers,  by  open- 
ing which  the  linen  to  be  dried  can  be  introduced.  The  bottom  of  this 
chamber  is  pierced  with  holes  like  a  sieve,  through  which  the  water 
espressed  from  the  linen  can  flow  (iS.  A  rapid  rotation  being  given  to 
this  cylinder,  the  linen,  by  the  effect  of  centrifugal  force,  is  urged 
against  the  exterior  surface  of  the  cylinder,  and  is  Ihftre  squeezed  with 
a  force  which  increases  with  the  rapidity  of  rotation,  by  the  efl«cl  of 
which  the  water  is  pressed  out  of  it,  and  escapes  through  the  holes  in 
the  bottom,  A  rotation  of  25  turns  per  second,  or  1500  per  minute,  ia 
given  t«  these  drying  cylinders,  by  which  the  linen,  however  moist  it 
may  be,  is  rendered  so  nearly  dry  that  a  few  minutes'  exposure  in  the 
air  renders  it  perfectly  so.  In  large  linen  manufactories  this  machine 
produces  a  great  saving  of  labor  in  the  laundry  department. 

Sfirful  exnmjjlei 
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Dto  the  Bun.     TLe  aetinn  of  leatrifnei 
eetion  with  terreatrml  graritj. 
54.  Analyaii  of  the   motion  produced   by   central  foroea,- 
Let  a  body  placed  at  a,  fig.  21,  receive  an  impulse  wliieli  would  Oflirj  it  to  li  I 
one  secODd,  or  anj  small  portion  of  a  second,  and  21 

let  it  be  attracted  towards  c  ty  a  constaot  fore*  .  _  ^ 

first  impulse  would  oartj  it  tn  rf,  then  bj  tl 
ciflaa  of  the  oomposition  of  forces  it  will  I 
at  tbseodiifthegivoa  timeate,  and  if  thi 
li/6  force  should  than  oease  it  would  con 
mo™  in  the  ditaotionem.     If  the  attractive 
continues,  the  body  will  be  found  at  g  at  Uw 
of  the  seaoud  period.     As  the  cenlial  force  Is 
tinually  acting,  the  body  will  diverge  more 
mora  from  the  direction  of  the  first  force,  and 


I    the 


a  the 


;ircle,  and  we  assnm 
will  not  sensibly  di 
letrical  principles  we  shall 


That  is,   Ihe  centri/«gol 
iarertelg  ai  lie  diameitr-  of  the 


lly  p. 


rcle. 


wl  lo  Ike  < 


re  0/  ,h 


>clly,  mid 


led  diSarantly.  Considering  a  t 
iribed  ill  one  second,  it  will  be  the  velocity  of  the  body  ;  but  in 

as  in  rectilinear  movemetit,  tbe  velocity  is  equal  t«  the  distance 
ime,  i.  c,  equal  to  tbe  cireumferenca  of  the  circle  divided  by  the 
un.     Let  H  represent  the  radius  of  the  lircle,  T  the  time  of 

veloeitj,  and  rc  the  ratio  of  the  oirenmferenoe  to  tbe  diameter." 


2!tli 


;ing  this 


:of  a 
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ual  to  -— ,      The   angular 
leitj,  divided  by  the  radius  i 


■adfui  »/  the  circle  a/  reBolulioa  mu'tiplifd  bg  Ihi  iqvur,  of  lU  o 
Aho  if  lum  hodUi  move  in  digerent  drelet  a«d  t»  differmt  It'nc 


55.  Bohnenberger'3  apparatus. — la  consequence  of  the  operation 
of  the  law  of  inertia,  moving  bodies  preserve  their  planes  of  motion. 
This  is  true  as  well  of  planer  of  rotation  afl  of  planea  in  a  rectilinear 
direction.   Bj  meana  of  Bohnenberger's  apparatus  22 

we  IDBJ  illustrate  the  t«ndenoj  of  rotating  bodies 
tc  preserve  their  plane  of  rotation,  and  the  invaria 
bilitj  of  the  axis  of  the  earth  during  its  revolutun 
Bohnenberger's  apparatus  consists  of  three  ringi 
AAA,  fig.  22,  placed  one  within  the  other ;  the 
two  inner  ones  are  movable,  and  connected  by 
pina  at  right  angles  h>  each  other,  in  the  same 
vray  as  the  gimbals  that  support  a  compass.  In 
the  smallest  ring  there  ia  a  heavy  metallic  ball 
B  supported  on  an  asia,  which  also  carries  a  little  pulky  c  The  ball 
is  set  in  rapid  rotation  by  winding  a  small  cord  around  c,  and  suddenly 
pulling  it  off.  The  aiis  of  the  ball  will  ooatinue  in  the  same  direc- 
tion, no  matter  how  the  position  of  the  rings  may  be  altered ;  and  the 
ring  which  supports  it  will  resist  a  considerable  pressure  tending  to 

56.  Parallelogram  of  rotations. — It  haa  been   shown   (48)   thai 
i  produced  by  two  equal  parallel  forces  acting  in  oppo- 

If  two  new  equal  parallel  forces  act  upon  the  same 
e  rotation  about  another  axis  situated  ia  the 
id  resultant  will  tend  to  produce  rotation  about 
the  same  plane,  between  the  directions  of  the 


rotary  moti 
body,  tendi 


ig  to  produc 
plane,  the  compoui 
situated  in 


other  two. 

Let  the  irregular  body  shown  in  fig.  23,  while  rotating  about  the  axia 
A  X  be  suddenly  acted  upon  by  forces  tending  to  produce  rotation  about 
the  axis  A  Y.  Suppose  the  parts  of  tho  body  lying  between  A  X  and 
A  V  to  be  impelled  in  opposite  directions  by  the  two  rotary  forces. 
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B  upun  the 


Tate  any  point,  as  P,  anii  lirawing  from  P  perpendicular 
two  aiis,  let  P  0  =  y  and  P  B  =  E,  also  let  23 

e  represent  the  aogular  Telocity  about  the 
axis  A  X,  and  v'  the  angular  velocity  about 
the  aiis  A  ¥,  then  will  vx  —  u'y  expreaa 
the  resultant  force  eierted  upon  the  point 
P.  Now  since,  if  the  point  P  were  taken  / 
in  the  axis  AX,  we  should  have  vx^^O,a.t. 
if  P  were  taken  in  A  Y  we  should  have  v 
:=0,  it  is  evident  that  P  may  be  so  taken 
that  vx  —  iD'y  =0,  or  vx  —  v'y.  Lay  off  on  A  X  a  distance  A  E,  suoh 
that  A  E  :  A  C  — .  0  ;  o',  construct  the  parallelogram  A  C  D  E,  and  draw 
the  diagonal  A  D ;  then  AE:AG  =  DC:DE  =  ii:i/  =  y:K.  But 
every  point  on  the  line  A  D  X'  will  have  the  same  relation  to  the  axis 
AX  and  AY.  Hence  evei^y  point  in  this  line  will  remain  at  rest,  and 
AX'  becomes  the  resultant  asis  of  rotation,  in  virtue  of  the  forces  pre- 
viously tending  h>  produce  rotation  about  the  two  component  asea. 

To  determine  the  velocity  of  rotation  about  the  resultant  axis  AX', 
take  any  point,  as  C.  on  the  asis  A  Y.  At  this  point  v'y  =  0,  and  the 
point  C  has  no  tendency  to  move  except  that  given  by  the  moment  tw 
about  the  aiia  A  X.  Draw  the  perpendiculars  C  R  and  C  Q  upon  A  X 
and  A  X'  respectively.  Represent  C  R  by  r,  and  C  Q  by  r",  and  denote 
the  angular  velocity  about  A  S'  by  k".  Now  as  the  distance  passed 
over  by  the  point  C  during  any  instant  depends  only  on  the  moment 
vx,  it  will  be  the  same  whether  the  rotation  takes  place  about  A  X  or 

AX ;  hence  vr  =  v"r", .:  v"  =  ^.   The  triangles  A  CD  and  A  CE 

fire  equal,  being  each  one-half  the  parellelogram  AC  D  E,  hence  J  DX 

GQ  =  AEXOR,   and JDX»^'  =  '^.  hence4J3  =  -;:>.  Comparing 

this  equation  with  the  value  of  c"  found  above,  we  find  that  v"  =  AD. 

From  the  above  reasoning  it  appears  that, — 

Where  a  bod;/  is  ocied  vpon  by  two  systems  of  forces,  lending  io  pro- 
duce rotations  abojit  two  separate  axes,  lying  in  the  same  plane,  ike 
restdtant  motion  toill  be  rotation  about  a  new  axit,  represented  in  diree- 
tion  by  the  diagonal  of  a  parallelogram,  tJte  sides  ofvihiek  will  he  rtprt- 
tented  by  the  component  axes  of  rotation,  and  the  magnitades  of  the  aides 
by  the  forces  tending  to  produce  rotation  abmit  those  axes.  The  velocily 
of  rotation  about  the  new  axis  represented  in  direction  by  the  diagonal 
of  the  parallelogram,  will  be  measured  by  the  length  of  the  diagonal. 

From  tha  same  principles  it  follows  thBt,  If  a  body  is  acted  npon  by  tlirea 
lyalemB  of  foroBS,  (ending  to  produce  rotation  about  three  different  aiea,  all 
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it,  the  resultant  motion  will  be  rotalion  about  a 
OD  by  the  diagonal  of  a  paTalletopipfldon  fonucd 
,  eiigee,  with  the  magnitude  of  those  edgjea  oorree- 
I  OfitiDg  aboot  those  axes,  and  the  yelocity  of  the 
i  hy  (he  length  of  the  diagonal  of  the  parallelo- 


a  describing  rotary  motions  it  is  customarj  to  spoak  of  tlie  motiun 
igkt-Jianded  ur  positive,  or  as  left-handed  or  negative, 
!t  A  X,  A  Y,  A  Z,  fig.  2J,  bo  threo  reotangular  axes,  passing  through  the 
t  A,  vhiDh  is  called  the  origin  of  co-OTdinaies.  Distances  measured  from  A 
ird»  either  X,  Y,  or  Z,  are  called  positive,  and  distances  measured  in  the 
isil*  directions  ore  called  negotiTe.    If  a  body  revolyes  about  eitter  of  these 


beyond  it,  ai 


ooking  t, 


I  an  eye  pli 


the 

when  ve  look  at  the  dial,  such  motion  is 
called  right-handed,  or  positive  rotation.  If 
rotation  takes  place  in  the  opposite  direction, 
it  is  called  lert-handcd,  or  negatire.  If  a  bod; 
rBTolves  in  the  directions  shown  in  either  part 
of  fig.  24,  the  roUtion  is  called  rigbt-baHded, 
or  posiliye.  If  the  three  Buea,  A  X,  A  Y,  A  Z,  i  i 
were  brought  towards  cauh  other  till  they  CO-  ^ 


57.  The  gyroscope,  or  rotaacope,  is  an  instrument  exhibiting  some 
romftrkable  results  of  the  combination  of  rotary  motioni  and  which 
also  shows,  OB  iu  Bohiientierger'e  apparatus,  the  tendtniy  of  rotating 
b(fdies  to  preserve  thoir  plane  of  rotation.  A  common  form  1  the 
rotaacope,    fig.  25,    con-  " 

sists  of  a  metal  riog,  A  B. 
inside  of  which  is  placed 
a  metallic  disk,  C  D,  / 
loaded  at  its  edge,  and  ■ 
which  turns  independ-  '-. 
ently  of  the  ring,  upon 
the  aiis.  Motion  is  com- 
municated by  meaDS  of  a 
cord,  wound  around  the 
azia  of  the  disk  and  sud- 
denly drawn  off.  If,  when 
the  disk  is  rotating  rapid- 

ly,  it  be  placed  on  tlie  steel  pin  F,  aupported  on  the  column  ' 
indifferent  to  gravity,  and  instead  of  dropping  it  begins  to  r 
horizontal  orbit.  II  I,  about  the  vertical  axis  F  O,  in  a  dlrecl 
Bonding  with  the  movement  of  the  lower  part  of  the  disk. 
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iontal  rBTolutioD  gradually  increases  in  velocity,  and  the  free  end  of 
the  disk,  in  sonie  circuiOBtanoes,  vibrates  upward  and  downward,  in 
spiral  curves.  When  the  rotation  of  the  disk  is  eongiderablj  diminished 
by  friction,  gravity  gradually  prevails  over  the  supporting  power,  and 
at  length  the  disk  falls,  in  a  descending  spiral  curve. 

To  esplain  the  movement  of  the  gyroscope,  let  the  asia  T  A  T', 
fig.  24,  correspond  to  the  standard.     A  24  (bis.) 

being  the  point  where  one  end  of  the 
asis  of  the  revolving  disk  is  supported. 
Let  A  X  correspond  to  the  horizontal 
axis   around   which   the   disk    of    the 
gyrosc<)pe  revolves,  and  let  Z  A  Z'  he 
another  horizontal  axis,  at  right  angles     ^..•■ 
^ith   A   X   and    A  Y.     Let   a  right    i 
handed  rotation  be  given  to  the  disk  of    !   ^ 
tlie  gyroscope  ahout  the  asis  A  X,  as    i 
indicated  by  the   arrows.     While   the 

force  of  gravity  causes  the  free  end  of  the  axis  to  descend,  there  will 
also  be  commenced  a  right-handed  rotation  ahout  the  axis  A  Z.  Both 
these  rotations  may  be  supposed  to  have  constant  velocities  for  an  infi- 
nitely short  interval  of  time.  Let  u  denote  the  angular  velocity  about 
A  X,  and  b'  the  angular  velocity  about  A  Z.  Lay  off  on  A  X  a  distance 
A  B  =  e,  and  on  A  Z  a  distance  A  C  =  w',  complete  the  parallelogram 
A  B  D  C ;  then  the  diagonal,  A  D,  will  represent  the  resultant  axis  of 
rotation,  and  the  length  of  this  diagonal  will  represent  the  velocity  of 
rotation  about  the  new  axis.  As  the  disk  can  only  rotate  about  the  new 
axis  by  moving  towards  D,  there  will  thus  be  commenced  a  new  move- 
ment of  rotation,  wh    h  w    m  y      11     h  t  1  It         b     t  th 

tAT 
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lift  the  end  of  the  axis  of  the  disk  would  also  inoreaae,  were  it  u  at  con- 
tinually  counteracted  by  the  aotion  of  gravity.  As  the  velocity  of  the 
rotation  of  the  disk  is  continually  retarded  by  friction,  the  lifting  power 
exerted  agaiust  gravity  dimiuisheB  until  the  disk  gradually  descends 
with  a  spiral  revolution,  and  the  instrument  is  brought  to  rest. 

If  the  disk  of  the  gyroscope  were  made  to  rotate  in  the  opposite  direc- 
tion, 0  1  ft  h  d  d  th  motion  around  the  asia  Z  A  Z',  caused  by 
gravity  w  Id  !  11  ft-handed  when  considered  from  the  point  Z', 
and  th  It     t  A  D   would  lie  on  the  opposite  side  of  A  X,     Thia 

would    Ibo  g  1  f  I  anded  rotatioti  about  the  perpendicular  A  Y, 

and  th  !  w     Id  all  be  found  in  the  solid  angle  A  X,  A  Y, 

A  Z',  ad  th     t     dency  would  be  to  counteract  the  depressing 

force  ot  gr      ty      Th       we  should  have  the  rotating  disk  supported, 
as  experience  shows  it  is,  in  whichever  direction  it  is  caused  to  rotate. 
If  the  weiglit  of  the  gyroscope  were  onunterbalanced  (as  it  ia  froqnentlj  con- 

readilj  he  seen  that  it  would  havo  no  horiionUl  rotation.  If  tlie  counter- 
balancing Height  wera  so  great  as  1o  raise  the  disk  upwuid,  the  horiiental 
revolulion  would  be  performed  in  tlie  opposite  direction. 


Froblema  on  'Weights  and  Measures. 

1.  (a.)  How  many  English  yards  are  conlained  in  135  Pronoh  kilometres? 
(6.)  Re<iuce2-59.Mccntimctr(!a  to  English  inches,  (e.)  What  part  of  an  English 
inch  is  1  millimetre  ?     {d.)  Reduce  3  centimetres  to  incliee. 

2.  (a.)  Heduoe  4  feet  7  inches  to  French  jneasure.  (J.)  Reduce  225  rods  to 
Freneh  measure  of  length,  (r.)  Eeducc  13  miles  to  French  kilometres, 
(rf.)  Reduce  5  yards  to  French  metres. 

S.  (o.)  Reduce  3  pints  to  litres  and  cubic  centimetres.  (6.)  Reduce  5  litres 
to  English  measure,  (c.)  Reduce  7  gallons  to  litres  and  decimal  iiarts. 
(rf. )  Reduce  7  cubic  centimelies  to  English  pints. 

i.  Reduce,  by  means  of  tie  Table  II.,— (o.)  25  inches  to  decimal  parts  of  a 
metre.  (6.)  139  centimetres  to  American  inches,  (c.)  75  feet  to  metres,  (rf.)  S 
kilometres  to  American  yards. 

5.  Reduce,  by  means  of  tlic  table  at  the  end  of  the  book, — <a.)  7!  -linta  to 
cubic  centimetres,     [h.)  10  gallons  to  cubic  centimetres,     (e.)  735  osliC  centi- 

Pioblems  on  Motion. 

B.  A  body  passes  uniformly  over  a  distance  of  200  yards  in  1  hour  and  0 
minulea:  what  is  the  numerical  value  of  its  velocity,  according  to  the  usual 
conven  lions  concerning  the  uuits  of  space  and  time? 

7.  A  body  is  observed  to  describe  uniformly  a  feet  in  n  seconds  i  supposing 
the  unit  of  time  to  be  1  minute,  what  must  be  the  unit  of  distance  in  order  that 
(he  numerical  value  of  the  body's  velocity  may  be  I  7 

B.  A  man  walks  with  a  velocity  represented  by  2,  and  he  finds  that  he  walks 
J  miles  in  2  hours  ;  if  1  foot  be  the  unit  of  length,  what  ia  the  unit  of  time  ? 
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tbe  parttclc'e  motbil. 

10.  A  IB  a  more  powerfal  and  ahcaTier  man  tha.ii  B;  the  greatest  weiglit- 
which  t&ey  can  lift  ate  as  8  ;  T,  and  their  own  weights  are  aa  7  :  a.  Which  is 
libel;  to  he  tlie  faster  runner  of  the  two? 

11.  Suppoeing  abodj  acted  apon  Ijy  a  force  capable  of  causing  an  accelera- 
tion of  3  feet  per  second ;  what  will  bo  its  Telocity,  and  the  distance  passed 
(Iter,  at  the  end  of  1  minnte? 

12.  What  velocity  will  he  acquired  by  a  body  moving  100  feet,  under  the  in- 
Buence  of  a  force  capahle  of  causing  an  acceleration  of  2  feet  per  second  ? 

IS.  If  a  body  starting  with  an  initial  velocity  of  125  per  second  is  found  to 
coma  to  rest  after  the  end  of  6  seconds,  what  is  the  amount  of  rBtardntion,  and 
what  distance  has  the  body  passed  over  ? 

14.  If  a  body  weighing  100  ponods  moves  with  a  velocity  of  a  mile  in  T 
BccondB.  what  mnst  be  the  weight  of  a  body  moving  3  feet  per  second,  to  bate 
the  same  momentum  as  the  former  ? 

15.  If  a  ship  weigting  2000  tons  strikes  a  pier  with  a  velocity  of  6  inches  per 
second,  what  Telocity  must  be  given  to  a  84  pound  shot,  in  order  that  it  may 

16.  Uniform  force  is  defined  as  that  which  generates  equal  velocities  in  equal 
times ;  would  it  be  correct  to  define  it  as  that  which  generates  equal  Teloeitiea 
while  the  body  moves  through  equal  spaoea? 


CHAPTER  III. 

GRAVITATION. 


?,  1.  Direction  and  Centre  of  Gravity. 

58.  Definition.— The  fall  of  unsupported  bodies  to  the  earth,  and 
the  pressure  exerted  by  bodies  at  rest  on  tlie  earth's  surface,  is  due  to 
the  furce  of  grasiiy.  The  amount  of  this  force  seen  in  the  downward 
presBure  of  any  body  is  called  its  weight.  Weight  is  due  to  the  earth's 
attraction  for  the  body  weighed.  This  ia  only  a  particular  case  of  a 
general  force  in  nature,  by  reason  of  which  all  bodies  in  the  universe 
attract  each  other,  thereby  maintaining  the  order  and  stability  uf  the 
heavenly  bodies. 

59  Law  of  nniversal  gravitation.— The  law  of  gravitation  ia 
stated  as  follows:  Eoery  particle  of  maUer  attracts  every  other  particle 
(ji  tie  DIRECT  ratio  of  iU  mass,  and  in  the  inverse  ratio  of  the  square 
of  its  dislance. 

Let  ^and  M'  represent  two  masses,  J)  and  D'  the  distances.  Take 
O  and  g  the  absolute  gravities  of  the  two  masses  at  a  given  distance, 
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and  g:  G',  the  ralio  of  the  force  of  gravity  at  distances  D  and  D',  then 
G  :   g  =M      :  M'. 
g  :  G'  ^  1)'^    :  D',  compounding  these  proportions  we  have 

G  ■.G'^MD''':M'D\    hence    G  :  G' : :  ^.  jp; . 

Or  the  force  of  gravity  of  different  bodies,  at  different  distaucef.ia 
directly  as  the  masses  and  inversely  aa  the  squares  of  the  distances. 

This  law  was  discovered  in  1660,  by  Sir  Isaac  Newton,  Reflecting 
on  the  power  which  causes  the  fall  of  bodies  to  the  earth,  and  bearing 
in  mind  that  this  power  is  sensibly  the  same  on  the  highest  mountain 
as  in  the  deepest  valleys,  he  conceived  that  it  might  extend  far  beyond 
this  earth,  and  even  eiert  its  influence  through  all  space.  Ho  assumed, 
in  conformity  to  the  relation  already  discovered  by  Kepler,  between 
the  times  of  revolution  of  the  planets  and  their  distances  from  the  sun, 
that  this  force  must  diminish  in  the  inverse  ratio  of  the  square  of  the 
distance.  His  first  results  were  unsatisfactory,  because  (as  afterwards 
appeared)  he  used  in  his  calculations  an  erroneous  value  of  the  earth's 
radius.  But  in  June,  1682,  he  received  Picard's  new  measurement  of 
the  arc  of  the  meridian  in  France,  from  which  it  appeared  that  the 
radius  of  the  globe  was  nearly  one  seventeenth  greater  than  had  been 
previously  supposed.  Armed  with  these  new  data,  Newton  resumed 
his  calculations,  and  in  1687  published  his  great  work,  the  "  Principia," 
in  which  he  develops  the  consequences  of  his  great  discovery  of  the 
laws  of  gravitation. 

60.  Diieotioit  of  terrestrial  attraction.  Centre  of  gravity. — 
As  the  direction  of  a  force  is  the  direction  of  the  motion  or  pressure 
caused  by  it,  (40),  it  follows  that  a  body  falling  under  the  influence  of 
gravity  mores  on  a  line,  which  would  pass,  if  extended,  through  a 
point  sensibly  near  the  centre  of  the  globe.     This  point  26 

in  the  globe  is  called  its  centre  of  gravity.     Therefore  ^ 
the  direction  of  the  force  of  gravitation  is  in  the  line    ■ 
uniting  the  centre  of  gravity  of  the  earth  with   that  of 
the  attractive  body.     The  plamb  line,  fig.  26,  gives 
direction.    Here  a  mass  of  lead  is  suspended  by  a  string, 
and  when  it  is  at  rest,  it  is  evident  without  a  mathe- 
matical demonstration,  that  thedireotion  of  the  pressure, 
and  hence  that  of  the  force  of  gravitation,  coincides 
with  that  of  the  plumb  line.     This  direction  is  called 
the  eeriical,  and  a  direction  perpendicular  to  it  is  called 
the  horiionlal.     Such  is  the  surface  of  a  liquid  at  rest. 

It  is  plain,  on  the  slightest  reflection,  that  as  the 
plumb  line  coincides  at  every  poict  of  the  earth's  surfaue  very  nearly 
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to  tho  radius  of  the  same  points,  that  several  plumb  lines  pUued  neai 
each  other,  are  sensibly  parallel  to  each  other  (but  are  not  matliemati- 
oally  so),  beoau!ie  the  distances  between  them  are  almost  inseDsible 
compared  to  the  length  of  a  radius  of  the  earth,  The  convergence  ia 
only  one  minute  to  a  geographical  mile. 

The  rotation  of  tts  earth  doea  not  nffeot  the  direction  ot  a  falling  body, 
because  it  had,  before  it  fell,  the  same  velocity  as  tbe  cnrtb  itself.  IkuE  a  bullec 
dropped  from  the  mast-head  of  a  ship,  sailing  ncTcr  so  rapidly,  falls  to  the  dL-cll 

aiple  of  tbe  (omposition  of  motion,  (4i).     Neverthcleae,  if  bodies  fall  from  a 

at  tbe  point  of  departure,  on  a  eircumfeieaee  sensibly  larger  than  at  the  jurface 
of  the  earth,  tbe  body  has  a  horiiontal  velocity  sensibly  greater  than  the  latter. 
For  a  height  of  550  feet,  oaleulalion  indicates  a  deviation  of  0-108  inch,  and 
eiperitneat  gave  Reich  in  tbe  deep  mines  of  Freyberg  0-110  inch, 

61.  Point  of  applioation  of  tetreatrial  attraction, — As  every 
particle  of  a  body  is  equally  attracted  by  the  earth,  there  must  be  as 
many  points  i>f  application  for  this  force  as  there  are  particles  of  matter 
in  the  body.  Ucnce  from  the  principle  (46)  for  finding  the  resultant 
of  a  system  of  parallel  forces,  it  follows  that  if  a  hydy  be  eupported  by 
a  flexible  cord  from  a  fixed  point,  it  cannot  remain  at  rest  unless  the 
resultant  of  all  the  parallel  forces  which  gravity  exerts  on  it  passes 
through  the  point  of  support. 

It  is  thus  possible  to  determine  experimentally  the  position  of  the 
resultant  of  tbe  system  of  parallel  forces  which  gravity  exerts  upon 

27  For  example,   in   fig.   27,  28 

the  chair  is  1  eld  by  a  string 
attiched  to    ne  arm  ani  tl  e 
resultant  of  tl  e   forces  ex 
erted  Ij   gravity  is  in   tie 
Ine  AB   in  wh  ch  the   bi  r 
lomes   t     rest      But  if  the 
iibair  IS  supported  frtm  an 
other  point   as  in  flj;  2S    it 
ill  c  me  to  reit  ii 
ition    and   the   resultant 
n  w  be  found  also  lu  a 
position  namely  in  tbe 


db,  Google 


QHAVITATION.  41 

63.  Centre  Of  gravity. — As  there  is  in  e^Ery  Bolii  body  a  poin' 
about  which,  wheo  it  is  suspended  its  m  k(,ulLi  ^re  equillj  dis 
tribuled  in  every  direction,  all  the  atu  actions  exerted  upon  tl  em  maj 
be  replaced  by  a  gingle  resulUi't  force  applied  at  tl  s  point  6u> 
whatever  position  tlie  body  may  assume  the  resultant  of  it*"  parallel 
forces  of  gravity  will  always  pass  through  the  same  point  This  com 
niOQ  point,  of  intersection  of  the  resultants  of  gravity  in  any  body,  i? 
called  the  centre  of  graeiiy.  As  we  may  find  the  resultants  experi 
mentally,   so   also  is   the  centre   of  gravity  of  any  solid  29 

easily  found.  If  any  irregular  solid  is  suspended,  as  in 
fig.  29,  its  centre  of  gravity  will  lie  in  the  line  c  rf,  pro- 
longe<)  through  its  axis.  It  will  als«  lie  in  the  line  a  6, 
by  which  the  body  is  a  second  time  suspended,  and  being 
found  in  both  lines,  it  must  necessarily  be  at  their  inter- 
section. A  correct  conception  of  the  important  relations  ^^^ 
of  the  centre  of  gravity  lies  at  the  foundation  of  the 
whole  science  of  mechanics,  and  especially  of  equi- 
librium. 

63.  Corollariea. — (1.)  The  centre  of  gravity  must  be  regarded  aa 
the  point  of  application  of  the  resultant  of  the  forces  which  graiitj 
exerts  upon  the  molecules  of  any  body.  This  is  proved  by  the  fact 
that  the  point  of  application  is  any  point  on  the  line  of  the  resultant, 
and  that  the  centre  of  gravity  is  a  point  common  to  all  the  resultants 

(2.)  When  the  centre  of  gravity  is  supported,  the  body  remains  at 
rest.  Conceive  the  irregular  mass,  fig.  29,  to  be  sustained  on  an  axis 
passing  through  ab  or  cd,  the  body  will  remain  at  rest  in  whatever 
position  of  revolution  it  may  be,  on  eitlier  of  these  aies  since  the  whole 
intensity  of  the  forces  of  gravity  is  eipended  in  pressuie  against  the 
points  of  support. 

(3.)  The  sum  of  all  the  attractions  exerted  by  any  miss  of  matter 
may  be  conceived  as  proceeding  from  its  centre  of  gravity  Iiewtou 
has  demonstrated  that  a  particle  of  matter  placed  without  •»  hollow 
sphere  is  attracted  in  precisely  the  same  manner  as  if  the  vibole  masa 
of  the  sphere  were  collected  at  its  centre,  and  constituted  a  single  pa.-- 
tide  there.  The  same  must  be  true  of  solid  spheres,  since  they  may  be 
regarded  as  made  up  of  a  great  number  of  hollow  spheres,  having  th" 
same  centre. 

The  principle  that  action  and  reaction  are  equal  and  opposite  (27), 
applies  perfectly  to  the  mutual  attractions  of  the  masses  of  matter. 
Hence  follows  the  somewhat  startling  inference  that  the  earth  must 
rise  to  meet  a  falhng  body.  This  is  unquphtiunably  true,  but  since  the 
mass  of  ti  e  earth  is  almost  infinitely  greater  than  that  of  any  body 
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falling  ou  its  eurface,  its  motion  must  1  k  w  se  be  almost  iafinttelj 
small,  since  the  velocity  v',  acquired  by  the  ea  tl  at  the  end  of  one 
second  is  as  much  less  than  the  volo     y  qu      d  bj  the  falling 

body,  B3  the  mass  of  the  body  (m)  is  1       th  n  tl  o  ma  ''  of  the  earth 

64.  Ceatte  of  gravity  of  regular  figures  —In  a  e  f  sojids  which 
have  a  regular  figure,  and  uniform  density,  it  is  not  necessary  to  resort 
to  experiment.  In  such  bodies,  the  centre  of  gravity  eoinoides  with 
the  centre  of  figure,  and  to  find  it  is  a  question  purely  geometrical. 
The  truth  of  this  assertion  may  be  shov^n,  if  we  suppose  a  plane  or 
line  to  be  divided  into  two  equal  and  similar  parts,  so  that  its  mole- 
cules are  arranged  two  by  two,  with  respect  to  the  dividing  line.  Take 
any  two  molecules  similarly  situated,  on  opposite  sides  of  the  division, 
their  attractions  will  be  equal  and  opposite ;  and  so  also  of  every  other 
pair;  therefore,  the  resultant  of  the  system  must  be  at  the  point  of 
division,  and  the  centre  of  gravity  is  there  also. 

The  centre  of  gravity  of  a  circle,  or  sphere,  is  at  the  centre  of  each  ; 
of  a  parallelogram  or  parallelupiped,  d 
and  of  a  cylinder  at  the  middle  point  of  it 
of  gravity  of  a  triangle,  fig.  30,  draw  a  lii 
the  middle  point  of  the   base ;   it  will 
divide  equally  all  the  lines,  as  m  n,  drawn 
parallel  to  the  hase.     If  the  triangle  is 
placed   so   that   the   line  A  D   may  be 
eiaotJy  over  the  edge  of  the  prism  P  Q, 
each  one  of  the  rows  of  molecules  com- 
posing  the   figure,  as  nt  n,  will   be   i 
equilibrium  on   the  edge  of  the  prisn 
since  it  is  supported  at  its  centre.     Th 
same  will  be  true  when  they  are  unitei 
ftnd  the  triangle  will  not  tend  more  to  u 
centre  of  gravity  must  be  in  the  line  A 


of  the  diagonals ; 


e  A  D,  from  the  v 


.^ 


T 


_X 


side  than  another;  hence  its 
i.  D,  and  for  a  like  reason,  also 
n  the  line  BE  (situated  similarly  to  ADj,  and  therefore  at  their  inter- 
section G.  li  may  ba  shown  geometrically  that  the  point,  thus  found 
divides  the  line  joining  the  summit  and  the  middle  of  the  base,  into 
two  parts,  of  which  the  one  nearest  the  vertes  is  double  that  nearest 
the  base. 


Scpf 


ori,  bj  applying  the  foregoing  p 
h  wo  will  suppose  to  !)e  *5  Iba., 
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Ihe  diBinncB  gd,  und  benee  ne  may  rFsolve 

the  Tei 

at  y,  into  two  othera;  one  of  15  Iba.  at  6, 

and  tl 

at  the  middle  point  of  a  c,  maj  aleo  be  reao 

Ived  in 

two  others  of  15  Iba.  each,  aeiing  the  one  i 

the  other  at  c.     Hence  the  weight  of  the  tr 

iangle 

eqaivalent  to  three  equal  forces  acting  ver 

licallj 

its  angles ;   and  the  three  points  of  snppor 

equal  preasurea,  whatever  may  be  the  fori 

n  of  tl 

65.  Centre  of  gravity  lying  without   the  body. 

ijf  gravity  is  pot,  neoeBSftriij,  in  the  body  itself, 
but  may  be  in  some  adjoining  space.  This  is 
evidently  true  of  the  solid  ring,  flg.  32,  and 
generally  of  any   hollow   vessel,    of  whatever 

Of  a  compound  body,  the  centre  of  gravity  is 
easily  found  by  composition  of  forces,  when  the 
weights  and  centres  of  gravity  of  the  parte  are 
known. 

60.  Xiqullibiium  of  solida  supported  by  an.  oxls.— A  solid  is  in 
equilibrium  when  its  centre  of  gravity  is  supported.  This  is  according 
to  1 63.  But  this  condition  maybe  fulfilled  in  different  ways,  according 
to  the  method  of  support.  If  a  disk  of  uniform  density,  fig.  3ii,  is  sup- 
ported by  an  axis,  passing  through  the  centre  o,  33 
which  is  also  its  centre  of  gravity,  it  will  be  in 
that  sort  of  equilibrium  which  is  called  i-ndiffsTeiit, 
because  it  has  no  fendenoy  to  revolve,  either  to  the 
right  or  left,  hot  remains  at  rest  in  a!l  positions. 
If  the  axis  passes  through  b,  the  disk  will  be  in 
stable  equilibrium ;  for  if  it  is  turned  about  its 
axis,  the  centre  of  gravity  will  move  in  the  arc  m  n, 
and  being  no  longer  vertically  below  the  axis,  it  will  not  be  directly 
supported  by  it,  but  tends  always  to  return  to  its  former  position.  If 
the  axis  is  at  c,  the  equilibrium  is  unstable;  for,  if  the  centre  of  gravity 
is  in  the  least  removed  from  a  position  vertically  above  the  axis,  it 
cannot  return,  but  it  will  describe  a  semicircle  in  its  descent,  until  it 
comes  to  rest  exactly  below  the  point  of  support. 

In  general  terms,  therefore,  a  body  attached  to  an  axis  may  be  in 
stable,  unstable,  or  indifferent  equilibrium,  according  as  its  centre  of 
gravity  is  below,  above,  or  upon  the  axis. 

67.  Equilibrium  of  aolida  placed  upon  a  horizontal  auiface. — 
In  budies  placed  upon  a  horizontal  surface,  the  centre  of  gravity,  ea  in 
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those  which  are  suspeniJed,  tends  to  descend,  find  if  the  hodiea  are  free 
to  move,  they  will  rest  in  one  of  the  positiona  of  equilibpiuni  just 
named.  If  raje  are  drawn  from  tlie  centre  of  gravity  to  every  part  of 
the  surface,  some  of  these  rays  will  be  oblique,  and  some  perpendicular, 
or  normal  to  the  surface,  whatever  may  be  the  external  form  of  the 
body ;  and  among  the  normal  rays,  there  is  generally  a  longest  and  a 
shortest  ray.  If  the  body  rest3  upon  the  plane,  at  the  extremity  of  one 
of  the  normal  rays,  its  centre  of  gravity  is  evidently  in  the  Tertn,al  line, 
drawn  through  the  point  of  contact,  and  the  body  is  in  equilibrium 
But  if  it  rests  at  the  eitramity  of  an  oblique  ray,  the  centre  of  gravity 
is  not  supported,  since  it  ia  not  in  the  vertical  of  the  point  of  contact, 
and  the  body  falls. 

If  the  normal  ray  at  the  point  of  contact  is  neither  longest  nor 
shortest,  but  simply  equal  to  the  a<ljacent  rays,  the  equilibrium  is  indif- 
ferent. Such  is  the  case  with  a  sphere,  placed  on  a  level  p" 
rests  in  every  position,  for  its  centre  of  gravity  can 
not  fall  lower  than'  it  is.  But  this  position  canno 
be  assumed  by  a  body  not  strictly  spherical.  Fo 
example  if  an  egg  rests  at  the  extremity  of  a  longest 
descending  ray,  a,  as  in  fig.  34,  it  will  be  in  unstable 
equilibrium,  since  motion  to  either  side  tends 
lower  the  centre  of  gravity,  and  enable  it  to  full ;  but 
if  it  rests  at  the  extremity  of  a  shortest  ray,  a',  it ' 
will  be  in  stafle  equilibrium  sii 
■ways  must  raise  the  centre  of  gravity  and  it  will,  therefor",  fall  b  u'k 
to  its  original  poeittun 

GS.  Centre  of  giavlty  in  bodies  of  uneqaal  density  in  dif- 
ferent part*  — If  the  density  of  a  b  dy  i^  unequal  in  different  parts, 
its  centre  of  gravity  will  1  e  external  to  its  centre  of  magnitude,  and 
the  body  can  u>me  to  reit  in  only  35 

two  positions    when   the  centre  of  ^ 

gravity  is  at  the  highest  and  at  the 
lowest  place  in  tl  e  vertical  if  the 
point  of  contact  If  a  c>ln  der  of 
this  description  were  placed  upon  an 
inclined  plane  as  in  fig  3S  it  would 
be  in  equilibrium  when  its  centre  of 
gravity  was  at  either  e  or  o ;  if  at  e, 
«nd  the  cylinder  were  moved  a  little  to  the  right,  the  centre  of  gravity 
would  fall  through  the  arc  ea,  but  at  the  same  time  the  cylinder  itself 
would  perform  the  apparent  contradiction  of  ascending  the  plane. 

69.  Equillbrlam  of  bodies  supported  in  more  than  one  point. — 
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When  a  body  is  supported  by  two  points,  the  Tertiea!,  from  its  centre 
of  gravitj,  ought  tu  fall  on  the  centre  of  the  line  which  connects  them. 
If  a  body  has  four  points  of  support,  as  a  common  table,  the  vertical 
should  fall  upon  the  intersection  of  their  diagonals. 

In  carriages,  if  tbe  vertical  Mia  Id  a  diEferent  mauDar,  the  load  is  improperlj 
distributed,  and  the  carriage  will  be  liable  to  upaet,  in  passing  over  an  nnevcn 
lOad. 

A  body  resting  on  a  base  more  or  less  extended,  will  be  in  equilibrium 
only  when  the  yertical  from  tho  centre  of  gravity  fftUs  within  the  area 
of  the  baso  ;  and  the  body  will  stand  Srmer  in  proportion  m  the  centre 
of  gravity  liee  lower,  and  the  base  is  broader.  A  pyramid  is,  therefore, 
tlie  most  stable  of  al!  structures. 

Tho  singular  ftata  eihibiled  b 
on  tbe  facility  nich  nhicb  the  cei 

i  2.   Iiaws  Of  Falling  Bodies. 

70.  Gravity  ia  a  source  of  motion.— In  discussing  the  laws  of 
motion,  we  have  already  cited  gravitation  as  a  source  of  uniformlv 
accelerated  motion.  We  have  now  to  consider  the  laws  of  falling  bodies 
and  in  doing  so  we  shall  have  occasion  to  recapitulate  some  of  thp 
ground  already  passed  over. 

71.  The  laws  of  falling  bodies  aie  G.ve,  as  follows : 

The  mrst  law  is — The  vdociiy  of  a  falling  body  ia  independent  of  it* 

Oulileo  (bom  1564),  who  first  demonstrated  the  laws  of  foiling 
bodies,  at  Pisa,  argued  that  if  the  molecules  of  a  body  were  separated 
from  each  other,  each  molecule  would  fall  with  the  same  velocity,  since 
each  is  solicited  by  the  same  force ;  and  if  we  conceive  these  molecules 
reunited  into  a  mass,  each  particle  still  acts  alone,  and  faence  it  is  of  no 
importance  whether  the  particles  are  many  or  few.  The  velocity  of  the 
mass  will  be  that  of  one  of  its  particles — and,  consequently,  is  inde- 
pendent of  the  mass. 

The  second  hw  is — The  velocity  of  a  filling  body  is  independent  oj 
the  nature  of  the  body  Experiment  alone  can  confirm  this  Hw,  which 
%t  its  first  statement   appears  to  be  oontradnted  by  common  obser 

For  example  a  gold  co  n  fiiUa  swifHv  and  m  a  "traight  line,  but  a  piece 
cf  paper  descends  id  a  dovioua  course  and  nith  a  $1oif  hesitating  motion 
The  pjpular  explanation  la  that  the  coin  is  heavy  add  tte  paper  light  biil 
thi!  Lannot  be  the  true  reison  "in  c  when  the  gild  i?  beaten  out  into  thin 
leaTCa    ila  weight  remains  the   same    but  tbe  time  of  its  fall  is  very   muuh 
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ir  of  fall  ng  a 


Th6  differsacea  in  the  lime  a 
l)y  the  reelstanoe  of  the  air;  which  i 
aooording  to  the  shape  and  volume  of  the  boly  acd 
not  aecording  to  its  mass,  or  the  number  of  particles 
OOQtained  in  it.  This  codcIubIou  is  established  1  j  the 
guinea  and  feather  esperiment,  first  devised  bj  New 
ton,  who  used  a  glass  tube  10  feet  long,  arranged  as 
in  fig.  3G.  with  a  stopcock  fur  removing  the  air  bv  un  air 
pump.  Bodies  of  unlike  density,  as  a  coin  and  piece  of 
paper,  within  the  tube  will,  whea  it  is  suddenly  inierted 
be  seen  to  fall  with  equal  rapiditj',  and  strike  the  bottom 
ttigRtUer  ;  but  after  admitting  the  air,  the  one  will  descend 
swiftly,  and  the  other  will  be  retarded,  just  as  it  happens 
nhen  they  fall  under  ordinary  circumstances.  A  piece 
of  stiff  paper,  cut  to  the  exact  size  of  a  coin  and  plated  un 
it,  will  fail  with  it,  if  care  is  taken  to  drop  the  two  quite 
horizontally,  and  without  disturbing  the  position  of  tl  e 
paper  on  the  coin.  This  simple  esperiment  illustrates  the 
law  as  well  as  the  vacuum  tube,  the  resistance  of  the  air 
being  all  met  by  the  coin.  Thus,  when  no  resiiitante 
modifies  the  effects  of  gravity,  it  attracts  all  bodies  with 
the  same  energy,  and  gives  them  the  same  velocity  what- 
ever may  be  their  weight,  and  whatever  the  kind  1  mat- 
ter of  which  thej  are  composed. 

The  third  law  1&~-Tke  vdociiy  acquired  by  a  body 
falling  fredy  from  a  slate  of  rest  is  proportional  in  ibe 
times,  and  follows  Ote  order  of  the  natural  nuiabe  si  2  i 
Sk.  This  is  the  case  of  a  uniformly  accelerated  mo- 
tion, (32). 

The  fourth  liw  is — The  whole  spaces  passed  over  by  a 
falling  body,  starting  from  a  stale  of  rest,  are  proportional 
to  the  squares  of  the  times  employed  in  falling — while  the 
»paces  fallen  throtigh  in  successive  limes  increase  as  the 
odd  numbers  1,  3,  5,  7,  &c.  The  velocity  of  a  h  dy  wl  en 
it  begins  to  fall,  is  nothing ;  but  from  that  moment  it  regu 
larly  increases.  Let  us  represent  the  velocity  acq  iired  at  the  en  \  of  tin 
1st  second  by  p ;  then  the  average  velocity  during  the  same  timt,  will  he, 

0  +  .^^^^ 

the  arithmetical  mean  between  0,  tha  starting  velocity,  aad  c,  the  final 
velocity.     A  body  moving  at  this  rate,  will  traverse  the  same  apace  in 
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one  second  which  it  would  ha,ve  fallen  in  one  second ;  kt  this  space 
=;  * ;  then  the  space  heing  equal  to  the  product  of  the  velocitj  and  the 
time,  i</  X  1  =  s,  or  y  =:  23  ;  that  is,  the  final  velocity  acquired  bj  a. 
body  falling  one  second,  is  douhle  the  space  through  which  it  has  fallen. 
It  has  been  ascertained  that  in  latitude  45°  this  space  is  about  16J^ 
feet,  {1608538  feet,  see  90)and  j  =  32ifeet. 

In  the  2d  second,  the  body  starts  with  a  velocity  of  p  ^  32J  feet,  and 
acquires,  at  the  close,  the  velocitj  of  2ff^  64i  feet.  The  space  fallen 
during  the  same  time  is  48i  feet;  viz.  32i  feet  by  the  velocity  acquired 
during  the  first  second,  and  16J_  feet  by  the  gradual  action  of  gravity 
in  this  second  only.  Or  as  before,  the  space  described  by  the  body 
during  the  2d  second,  is  equal  to  the  space  it  would  have  fallen  with 
the  mean  velocity  between  its  initial  and  final  velocities;  t.  e.  with  the 
Telocity 

g  +  2g_3ff  _^_„, 

the  space,  therefore,  =  3  X  16y^  =  ^8i  feet. 

In  tiie  same  way  we  find  that  the  velocity  acquired  at  the  end  of  the 
3d  second,  will  be  3^  =  06}  feet ;  and  in  the  same  time  the  body  will 
have  fallen,  with  the  mean  velucity, 

g,?  +  3g   _    5g 
2  2 

through  a  space  of  53^=5  X  ^^,\  ^^^,%  ^^^'■ 

A  falling  body,  therefore,  descends,  in  the  2d  second  of  its  fall, 
through  three  times,  and  in  the  3d  seconij,  through  five  times  the  space 
fallen  in  the  first  second.  Or  in  the  words  of  the  4th  law,  ihe  spaces 
inerease  as  ihe  odd  numbers. 

■Whole  space  described  by  a  falling  body. — We  have  seen  that 
the  time  of  falling,  and  the  final  velocity,  increase  in  the  same  ratio ;  and 
that  the  average  velocity  of  any  fall,  is  exactly  half  the  final  velocity, 
and  the  whole  distance  fallen  is  the  same  as  if  the  body  had  moved  at 
a  uniform  rate,  with  a  mean  velocity ;  hence,  any  increase  in  the  time 
of  falling  is  attended  by  a  corresponding  increase  of  the  average 
velocity  during  the  whole  fall.  But  the  whole  space  described  in  any 
fall  is  jointly  proportional  to  the  time,  and  the  average  velocity ;  if, 
therefore,  the  time  is  doubled,  the  body  falls  not  only  twice  as  long,  but 
also  twice  as  fast,  and  it  must  descend  through  four  times  the  distance. 
Again,  if  a  body  falls  three  times  as  long  as  another,  it  also  falls  with 
three  times  the  average  velocity,  and  descends,  altogether,  through 
nine  times  the  distance.  The  times  being  represented  by  the  order  of 
the  natural  numbers,  1,  2,  3,  &c.,  the  spaces  are  represented  by  theii 
squares,  1,  4,  9,  16,  &c. 
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The  Tlfra  law  is — A  body  falling  freely  from  a  slate  of  rest  acquires, 
dvring  ayiy  given  time,  a  velocity  which  teould,  in  the  same  time,  carry  it 
aver  Iteice  the  space  already  traversed. 

We  have  seen  that  a  body  falling  for  any  time,  acquires  a  final  Yeli>- 
city  which  is  double  the  average  velocity  of  the  fall ;  if,  therefore,  the 
action  of  gravity  were  suspended  at  the  end  of  any  given  time,  and  the 
body  continued  to  move  with  its  acquired  velocity,  it  would,  in  the 
Baine  time,  traverse  twice  the  distance  it  had  already  fallen.  For 
instance,  the  space  fallen  through  in  three  seconds  is  I44f  feet,  and 
the  final  velocity  is  96J  feet ;  now  a  body  falling  uniformly,  for  three 
deeonda,  with  this  velocity,  would  pass  through  a  space  of  3  X  9Gi  = 
289J  =  2X144ifeet. 

Table  expressing  the  laws  of  palling  bodies, — The  following  table 


expresses  the  2d,  3d,  and  4th  laws :  (See  S2.j 

Times,  1,     2,     3.       4,       6. 

The  final  velocities,  2,    4,    6,      8,     10. 

The  space  for  each  time,     I,    3,    5,      7,      9. 

The  whole  spaces,  1,    4,    9,    16,    25. 

Let  D  =;  the  distance,  i  =  the  time,  V^  the  final  velocity,  and  g  =■ 
the  velocity  acquired  during  the  first  second,  then  from  the  foregoiog 
laws  we  may  deduce  the  following  equations,  by  which  practical  qaes- 
tions  are  readily  solved. 

(1.)  F=j?i,  whence  (2.)  (  =  — . 
9 

(3.)  D  =  igl\  vthence  (4)(  —  a/      ■ 

By  substituting  in  (3}  the  value  of  i  (2) 

And  substituting  (4)  in  (1), 

72.  Verification  of  the  la'ws  of  falling  bodies;  At^vood's  Ap- 
paratus.— It  is  evident  that  the  third  and  fourth  lawa  of  falling  bodiea 
cannot  be  verified  by  direct  experiment ;  both  because  the  results  of 
such  a  trial  would  be  disturbed  by  the  resistance  of  the  air,  and 
because  the  velocity  of  the  fall  is  too  great  to  be  followed  by  the  eye. 
But  there  are  mechanical  contrivances  by  which  the  intensity  of  the 
force  of  gravity  may  be  diminished,  without  changing  ita  nature.  "We 
pan  ONUS'S  a  falling  body  to  descend  so  slowly  that  the  resistance  of  the 
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oirbooomesimperceptihle,  aijd  all  the  circumstances  of  tlie  fail  may  then 

be  observed  with  entire  precision.     Galileo  37 

used  an  inclined  plane  to  verify  his  laws, 

but  a  far  more  exact  form  of  apparatus  ia 

now  In  use  for  this  purpose,  called,  from  the 

name  of  its  inventor,  Atwood's  apparatus 
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weight  of  B"  being  the  only  disturbing  fo 
the  motion  produced  is  of  the  same  kind  as 
motion  of  a  body  falline  freely,  but  the  rati 
aceeleratioD  and  the  space  fallen  through, 


The  form  and  relatioi 


For  eiample;  let  B"  be 
and  the  weights  B  and 


Thei 


igbt  ofB",  and  thci 
ilocity  imparted,  and  the  space  fallen  through, 
ust  be  133  times  less  than  the  veloolty  and 
lace  of  B"  falling  freely. 
In  the  apparatus  here  figured,  the  beats  of 
e  seconds  pendulam  are  announced  by  the 
ill,  whose  hammer,  I,  is  struok  by  the  electro- 
sgnet,  a,  as  neatly  eonstrnated  by  Ritchie, 
induluro  rod,  just  touches 


A  point,   E,  on  tht 
battery,  whose  tera 


ianlw 
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Tha  electro  magnet  then 
of  G,  thus  releasinf!  first  tl 
the  weight  B  and  next  ao 
seconds  upon  the  hell  at  e 
Inm.  Mo  clock  moicment 
the  accnrat«  heaM  of  the  ai 
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with  B" 


t  the  first 


I  it,  will  fall  fri 


mug  of  the  peudi 
instant  of  the  nest  ring,  the  weight  > 
httvefBllen  exactlj  1  inch  j  during  th 
throagh  three  inches  more;  during 
through  5  ioohes;  during  the  fourtli 
.,  according  fo  the  fourth  li 


In  the  t 
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™  fallen  through  at  the 
1  icoh;  at  ths  end  of  the  2d  leaoni, 
tho  end  of  tlie  3d  second,  0  inches ;  at 
4hecdl6'h       A       ac      d'g 


g    ta        ,  while  B  ci 


th     e 


™gh  t 


each  suoueedin,  second.  11  the  ring  is  fixed  at  the  fourth  division,  the  bar  will 
atrike  at  the  end  of  two  seconds,  and  B  will  pass  on  at  the  rate  of  four  inches 
per  second.  By  the  use  of  this  simple  and  ingenious  apparatus,  a  most  satis- 
factory experimental  demonstration  of  the  troth  of  Galileo's  laws  of  falling 
bodies  is  obtained. 

Morlu'B  Apparatus. — Another  apparatus   for   the  Terification   of  theas 
laws  has  been  contrived  by  Morin,  a  Frenoh  phjsioi 
the  falling  body  is  not  retarded,  and  the  error  from  atmospheric  resist 
made  inoonsiderablo  by  the  use  of  a  large  weight.     The  falling  body  et 
crayon  which  marks  a  line  on  a  rapidly  revolving  vertical  cylinder,  cover 
paper,  and  divided  by  vertical  and  horiiontal  lines,  representing  respi 
time  and  diataaoe.    The  line  drawu  by  the  crayon  carried  by  the  falling 
a  portion  of  a  parabola,  a  eurre  whose  distance  ftoai  each  divieion  ou  its  verti- 
cal axis  is  as  the  ratio  of  the  sqnnrcs  of  the  suacesaivo  divisions  on  that  line. 

73.  Application  of  the  laws  of  falling  bodies. — The  laws  of 
falling  bodies  apply  equally  to  every  motion  produced  by  a,  uniform 
force  or  pressure. 


b  tho  velocity  of 


ively 
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Bot  in  each  insUaei 

time,  will  be  diaerest;  and  the 

the  case  of  a  body  falling  freely. 


ill  the  force  W 
:tj  of  matter  moved, 

T4.  Descent  of  bodies  on  inclined  planea. — Wheit  a  bod;  ia 
placed  iipun  an  inelmed  plane,  it  deacends,  as  just  niplained,  with  a 


ity  acquire 


i  tte  space  described  io 


Chan  that  of  a  bodj 


irormly  accelerated  motion,  but  ita  velocity 
FaUing  freely.  The  weight  of  tlie  body, 
X  iU  gravitation,  represeatBd  by  the  lini 
g,  fig.  39,  ia  resolved  (50)  into  twt 
components,  one  of  which,  eJ'{oT  pg),  it 
perpendicular  to  the  plane,  and  produces 
pressure  only,  and  the  other,  ep  (orfgj, 
parallel  to  the  plane,  and  ifl  the  cause 
of  the  accelerated  motion.  The  trianglei 
e/y  and  abc  being  similar,  thoir  cor 
■eaponding  sides  are  proportional,  and 

;hat  is,  the  rate  of  acceleration  on  an  inclined  plane,  is  to  that  of  a  body 
'ailing  freely  as  the  height  of  the  plane  Is  to  its  length. 

The  final  velocity  depends  oq  the  height  of  the  plane.    In  10 

;.  40,  let  a  c,  the  height  uf  the  plane,  be  J  of  its  ]         ~       ' 
roight  of  the  body  whicl 


Lndtt 


s  1  of  tJ 


etsed  ii 


)uld  be  J  of  the  vclo. 
freely.     Let  the  line  a  /  rei 
equal  to  *  of  «/;  then,  a  body  start 
at  rf  in  one  second,  or,  falling  freely. 

Draw  the  hori 


icond,  by  the  action  of 
ind  space  of  a  body  falling 
It  16_t    feet,  and  take 


ach  /  i. 


□  d  hating 


ed\  the  ratio  of  a  e  to  a  li  ia  the    Y 
ab;  that  is,  a  «  is  equal  to  iof  a  <{;  an 
been  taken  equal  to  i  of  a /,  a  e  is  ^  of  a/.     Since  the  spaces  ini 

ires  of  the  times,  the  body  that  imuld  foli  to  /  in  one  second  would  fall  to 

i  of  a  second ;  and  (3d  law)  the  velocity  acqaired  at  e  would  be  i  of  the 

city  acquired  at  /.     But  wo  have  already  seen,  that  the  velocity  acquired 

1  body  descending  to  d,  is  i  of  the  velocity  acquired  by  the  same  body 

ng  to  /,  in   the  some  time;  hcnco  the  velocity  of  a  body  descending  the 

Inclined  plane  lo  d,  is  cqnalto  that  of  a  body  falling  freely  to  e;  and  generally — 

The  velocity  acquired  at  any  given  point  on  an  ineUned  plane,  ii 

proportionil  to  the  verlical  distance  of  that  point  below  the  point  of 

departure. 
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'i  alsofdtlntBS  that  the  aver 
g  all  planes  of  the  same  height 
descent  are  proportional  to  their  lengths, 

75.  Descent  of  bodies  on  curves,—  G 
till  bodies  atartiog  from  a  horizontal  plan 

arrive  at  the  level  of  a  second  horizont 

wbntever  kind  of  curve  thej  may  have  p  T  g 

truth  of  which  the  statement  at  the  close 

ft  particular  case.     From  these  principl  th 

Acquired  in  descending  any  regular  our 

acquired  in  falling  freely  by  gravity  thro  g 

But  the  time  of  descending  a  curie,  cod 

required  to  descend  an  inclined  plane  be  m 

for  descending  a  curve  convex  upwards  a  greater  lime  is  required. 

76.  Bracbyetochrone ;  or  curve  of  swiftest  descent.— it  vras 
demonstrated  by  J.  Bernoulli,  and  is  confirmed  by  experiment,  that 
a  body  descending  a  cycloid,  vrhose  base  is  horizontal,  reaches  its 
goal  in  less  time  than  by  any  other  path  between  the  same  points.  The 
cycloid  is  a  plain  curve,  described  by  4X 

a  point  on  the  circumference  of  ! 
wheel,  rolling  tn  a  level  aurfi  e  with 
out  slipping  The  cune  id  in  thi 
triangle  hkd  fig  41  is  part  'f  ! 
cycloid. 

At  first  it  w  uld  leem  thit  thi 
straight  line  ltd  be  ng  an  inchned  plane,  vrould  bo  the  brachy- 
Blochrone,  since  it  is  shorter  than  the  oycloid  joining  the  same  points, 
but  the  latter  deacei  ds  very  rap  dly  at  first,  and  so  the  falling  body 
acquires  near  its  start  ng  point  a  much  higher  velocity  than  it  would 
on  the  inclined  yhne  Ihis  increased  velocity  it  adds  to  each  of  its 
subsequent  movements  ind  though  its  velocity  on  arriving  at  d  is  no 
greater  than  if  it  had  passed  donn  the  inclined  plane,  it  arrives  there 


could  \j  any  other  path.  Another  curious 
that  a  body  will  descend  from  h  Ui  dia  this 
,  would  descend  to  d  fi'om  any  intermediate 


a  shorter  time  than  i 
property  of  the  cjcloid  ii 

point  in  the  cycloid. 

77.  Action  and  reaction  of  a  falling  body.— On  arriving  at  the 

liottom  of  a  plane  or  curve,  a  body  will  have  acquired  (5th  law)  a  velo- 
city, such  as  would  carry  it,  in  the  same  time,  over  a  distance  equal  \a 
twice  the  length  of  the  descent,  or  cause  it  to  ascend  another  similar 
curve.  The  ascent  of  the  body  being  opposed  by  the  constant  force  of 
gravity,  will  be  retarded  at  a  rate  which  exactly  corresponds  with  itn 
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preTious  aceeleration.     On  the  double  curve  ABC,  fig.  42,  the  body 

will  have  equal  velocities  at  any  i2 

two  points  at  the  same  level,  ai 

E  and  D ;  and  the  velocity  being 

nothing  when  the  body  has  arrived 

at  C,  it  will   descend   again   and 

mount  to  A,  the  point  from  which 

it   first    started.      This   alternate 

movement  being  caused  by  the  constant  force  of  gravity,  would  con. 

tinue  for  ever,  and  furnish  an  instance  of  perpetual  motion,  were  it  not 

for  the  resistance  of  the  air  and  friction,  by  which  the  body  is  gradually 

brought  to  rest  at  B. 

The  pendulum  ia  an  eiample  of  o,  bodj  alteraalelj  ascending  and  descending 
a  very  small  circular  curve. 

^  3.    Measiue  of  tbe  Intensity  of  Gravity. 

78.  The  pendttlam.— Any  body  suspended  by  a  flexible  cord,  or 
wire,  from  a  fixed  point  of  support,  is  a  pendulum.  A  plumb  line  is 
a  pendulum,  and  when  it  is  at  rest,  as  we  have  seen  (fiO),  it  shows  the 
eiact  vertical,  and  indicates  the  direction  of  the  force  of  gravity.  But 
if  it  is  moved  from  the  perpendicular  into  any  other  position,  and  left 
to  fall,  the  pendulum  swings  in  a  vertical  plane,  and  rises  on  the  other 
side  of  the  vertical  to  a  height  equal  to  that  from  which  it  had  fallen. 
The  cause  of  these  alternate  movements  is  gravity,  and  the  motion  is 
called  an  oscillation. 

To  aid  in  the  study  of  the  movements  of  the  pendulum,  mathema- 
tJcians  distinguish  between  the  simple,  or  mathematical  pendulum,  and 
the  compound,  or  physical  pendulum. 

79.  Properties  of  the  simple  pendulum. — The  simple  pendulum 
consists,  by  mathematical  conception,  of  a  single  heavy  particle  of 
matter,  suspended  at  the  extremity  of  a  line,  without  weight,  inesten- 
Bible,  and  ptrfectly  flexible  Such  an  instrument  is  purely  ideal,  and 
is  conceived  of  only  as  a  convenient  means  of  investigating  the  laws  )f 
the  real,  oi  physical  pendulum 

Let  C  M  fig  43,  be  a  simple  pendulum,  in  a  vertical  position,  anj 
consei^uently  in  equilibrium  If  it  is  moved  to  tte  position  C  m.  the 
weight  m  P,  acting  at  the  point  m  is  decomposed  into  two  components, 
m  B  acting  in  the  direction  C  m,  and  consequently  destroyed  by  the 
resistance  of  the  point  of  support,  and  m  D  perpendicular  to  0  m, 
which  solicits  the  return  of  m  to  the  position  of  equilibrium.     This  Ija.'it 
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component  ia  equal  to  g  ain.  a ;  calling  g  the  accelerating  force  of  graTJtj, 
i-epreseote<i  by  m  P,  and  a  the  angle  m  0  M,  or  43 

D  A  m,  which  ia  the  same  thing. 

It  is  plain  that  the  component  m  D  mast 
diminish  with  the  angle  a,  that  is  in  proportion 
as  the  pendulum  approaches  the  point  of  equi- 
librium C  M.  The  accelerated  velocity  of  its 
fall  is  therefore  not  a  ense  of  uniform  accelera- 
tion, since  it  becomes  null  when  the  pendulum 
is  vertical. 

The  pendulum  does  not  however  rest  at  M, 
but,  in  virtue  of  its  acquired  velocity  (momen- 
tum), it  rises  through  an  equal  ascending  arc, 
M  n,  with  a  retarded  motion,  since  the  compo- 
nent of  gravity,  tangent  to  the  arc  described,  is 

now  turned  in  the  opposite  direction — so  that  this  component  diminishes 
the  velocity  at  each  point  of  M  n,  by  a  qnantitj  equal  to  the  increase 
of  velocity  acquired  at  the  corresponding  points  of  m  M,  and  equi- 
distant from  M.  Thus  the  acquired  velocity  is  entirely  destroyed  when 
the  pendulum  has  passed  over  the  arc  M  n,  equal  to  M  m.  At  »  it 
rests  for  an  inappreciable  instant,  after  which  it  returns  again  to  M, 
mounts  to  m,  and  would  thus  continue  moving  for  ever  like  the  ball 
rolling  in  a  double  curve  (77),  supposing  it  mot  no  resistance  from 
friction  and  the  ^r. 

Bach  swing,  from  n  to  ra,  or  w  to  n,  is  called  an  oscillation,  and  one 
half  the  angle  n  C  w,  or  one  half  the  arc  n  m,  which  measures  it,  is 
called  the  amplitude  of  the  oscillation.  The  time  occupied  in  describ- 
ing the  arc  m  n  is  the  time  or  duration  of  an  oscillation.  The  angle 
of  elongation  n  C  M,  or  M  C  m,  measures  the  deviation  of  the  pendu- 
lum from  the  vertical, 

80.  Isocbtonlsm  of  the  pendulum. — From  the  last  jection  it  is 
evident  that  the  movements  of  the  pendulum,  on  each  side  of  the  verti- 
cal, are  made  in  equal  times.  But  it  is  also  true  that  the  duration  of 
an  oscillation  is  always  the  same,  in  the  same  locality,  and  provided 
the  angle  of  elongation,  n  C  M,  fig.  43,  does  not  exceed  4"  or  5°. 
Within  this  limit  the  time  of  oscillation  is  sensibly  the  same,  and  the 
pendulum  requires  as  much  time  to  describe  an  arc  of  one-tenth  :if  a 
degree  as  one  of  ten  degrees.  The  esplanation  of  this  curious  and  raisi 
remarkable  faot  is  to  be  found  in  the  varying  length  of  the  component 
D  ire,  fig.  43,  which  increases  with  the  angle  of  elongation.  Hence, 
the  greater  length  of  arc  is  exactly  compensated  by  the  greater  velocity 
vith  which  the  pendulum  describes  it^    This  is  what  is  meant  by  the 
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3b 

Uochroiiism  of  tho  pendulum — from  two  Greek  words,  meaning  equal 
times  Tliis  iaochronism  is  not,  however,  absolute,  unless  the  ampli- 
tude if  the  oscillation  Is  infiuitely  Emiill. 

81.  Ponnnlas  for  the  pendulum.— T lie  property  of  isochroniem, 
and  the  other  properties  of  the  simple  pendulum,  when  the  amplilado 
is  infinitely  small,  are  comprised  in  the  formula — 


*  .9 


/representing  the  duration  of  an  oscillation,  I  the  length  of  the  pen- 
dulum, w  the  relation  between  the  circumference  and  diameter  of  ft 
circle  (equal  to  3'1416),  and  g  the  accelerating  force  of  gravity. 

If  the  amplitude  of  the  oscillations  is  not  infinitely  small,  the  formula 
becomes,  for  ordinary  limits. 


"^l^^'\i)■ 


where  a  is  one-half  the  length  of  the  arc  n  m,  fig.  43.  It  requires  the 
aid  of  the  higher  mathematics  to  demonstrate  these  formulfe  fully,  but 
ve  may  deduce  from  them  the  following  important  propositions: 

82.  Fiopoaitious  respecting  the  simple  pendulum.— Ist.  Oscil- 
lations of  small  amplitude  are  mode  in  times  sensibly  equal.  By  substi- 
tuting in  the  first  formula  I  =  39-14056  inches,  as  determined  by  experi- 
ment, for  the  seconds  pendulum  at  London,  and  let  T^  1',  wo  shall 
find  the  accelerating  force  of  gravity,  ^=32175  feet.  Substituting 
these  values  of  g  and  ( in  the  second  formula,  and  also  a  ^  3-1416  -i-  90 
—  0-0349,  we  sliall  have  for  the  time  of  vibration  when  the  elongation 
is  four  degrees  on  each  side  of  the  vertical  T=:  1-000076,  which  diflers 
from  the  time  of  vibration,  when  the  arc  of  vibration  is  infinitely  small, 
by  only  Beventy-six  millionths  of  a  second. 

2d.  The  duration  of  an  oseillation  in  pendvhims  of  different  lengtht, 
is  proporlional  to  the  sgvare  root  of  the  length  of  the  peiKluhim.  This 
law  may  be  demonstrated  experimentally  by  comparing  pendulums  oF 
different  lengthn.  If  the  lengths  are  in  the  ratio  of  1,  4,  9,  then  the 
times  of  oscillation  will  be  as  1,  2,  3,  respectively.  Let  three  such 
penduiums,  arranged  as  in  fig.  44,  commence  to  oscillate  at  the  same 
time ;  it  will  be  found  that  the  one-foot  pendulum  makes  two  oscilla- 
tions for  each  oscillation  of  the  four-foot  pendulum,  and  three  oscil- 
lations for  each  one  made  by  the  nine-foot  pendulum.  The  time  of 
oscillation,  and  the  length  of  the  pendulum  being  known,  we  may 
determine  by  this  law.  1st,  the  length  of  a  pendulum  which  would 
oscillate  in  any  proposed  time;  and,  2dly,  the  time  of  oscillation  of  a 
fendulum  of  any  proposc-l  length.     For  the  timfls  of  Oscillation  are  a» 
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83.  The  physical  ot  compound  pendulum;— Cen- 
tre of  oscillation. — The  Biniple  pendulum,  as  already 
remarked,  is  only  an  intellectual  conception,  and  cannot 
be  realized  in  experiment.  Practically,  we  employ  for  the  pbyaical 
pendulum  a,  heavy  tody,  suspended  by  an  infiesible  rod  from  a  fised 
point.     The  axis  of  Euspension  ia  usually  a  knife  15 

edge  of  steel,  resting  on  polished  agate  planes,  or 
hard  steel,  la  the  physical  penduium  the  rod  has 
weight  as  well  as  the  ball ;  and  nearly  all  the  ma- 
terial points  of  both  rod  and  ball  are  placed  at 
different  distances  from  the  point  of  suspension. 
Let  ua  examine  the  oscillations  of  any  two  of  these 

material   points,  m  and  ji,  fig.  45.     If  they  were  /'"'"m \ 

suspended  by  separate  threads,  then,  according  to  .-' 
the  3d  law,  m  would  oscillate  more  rapidly  than  / 
n;  but  if  they  are  suspended  by  the  same  inflex- 
ible wire,  they  must  move  together,  and  malte  .' 
their  oscillations  in  the  same  time.  The  first  •^..,.. 
accelerates  the  aceond,  and  the  second  retards  the 
first,  80  that  their  common  velocity  is  intermediate  between  the  velocity 
of  either  of  tham,  oscillating  alone.  Such  a  compensation  takes  place 
in  every  oscillating  body,  and  between  the  particles  which  are  nearer 
and  those  more  remote  from  the  point  of  suspension,  there  is  always  a 
point  so  situated  that  it  is  neither  accelerated  nor  retarded,  hut  oscil- 
lates exactly  as  if  it  were  suspended  alone,  at   the  end  of  a  thread. 
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without  weight.  This  remarkable  point  ia  called  the  eentn  of  oscilla- 
tion; and  its  distance  from  the  point  of  suspension  is  the  length  of  the 
pendulam.  This  is  equal  to  the  length  of  a  simple  pendulum  which 
would  oscilkte  in  the  eame  time  as  the  physical  pendulum. 

The  position  of  the  centre  of  oscillation  depends  upon  the  form,  mag- 
nitude, and  denaitj  of  the  several  parts  of  the  pendulum,  and  the  posi- 
tion of  its  asia.  If  the  tud  of  the  pendulum  ia  thick  in  proportion  to 
the  ball,  its  centre  of  oscillation  wiU  he  higher  than  in  a  contrary 
arrangement.  It  is  always  below  the  centre  of  gravity,  although 'what- 
ever raises  or  lowers  the  centre  of  gravity  will  change  the  centre  of 
oscillation  in  the  same  direction.  Whaieaer  may  be  the  posiliona  oflhe 
point  of  aaapension,  and  the  centre  of  oscillation,  they  are  always  inter- 
changeable; i,  e.,  if  the  pendulum  is  suspended  by  its  centre  of  oscilla- 
tion, these  two  points  exchange  their  functions,  and  the  oscillations  ore 
made  in  the  same  time  as  before.  It  ia  by  an  experiment  of  this  kind, 
that  the  centre  of  oscillation,  and  consequently  the  length  of  a  pendu- 
lum, is  determined.  This  remarkable  property  of  the  compound  pen- 
dulum was  first  demonstrated  by  Huyghena. 

84.  Application  of  ths  pendulum  to  the  meaeurement  of 
time. — Galileo,  to  whom  we  owe  the  discovery  of  so  ra.iny  important 
physical  laws,  discovered  also  the  properties  of  the  pendulum.  When  a 
choir  boy  in  the  great  Cathedral  of  Plaa  (from  whose  bell  tower — the 
leaning  tower  of  Pisa — he  demonstrated  long  afterward  the  laws  of 
falling  bodies),  and  not  yet  eighteen  years  of  age,  his  attention  was 
arrested  by  the  great  regularity  of  the  movements  of  a  lamp  suspended 
by  a  chain  from  the  coiling  of  the  cathedral.  This  observation  led  him 
to  the  diseoTCry  in  question.  Although  Galileo  attempted  to  employ 
the  pendulum  to  measure  time,  it  was  the  great  Dutch  philosopher. 
Christian  V.  Huyghens,  to  whom  we  are  indebted  for  the  invention 
(in  1G56)  of  the  dock  escapement,  by  means  of  which  the  pendulum  ia 
made  to  perform  its  proper  function  as  a  time-keeper.*  This  apparatus 
ia  seen  in  fig.  46. 


An  ohlique-toothed  wheel,  B,  called  a  r 

acisl  wheel,  is  moved  bj  a  weight  and 

cord.     Ttiis  motion  i!  controlled  by  a  pii 

placed  ul>ove  the  wboel  so  as  to  oscillate  < 

angles  to  the  wheel.     The  oacillatorj  mot 

ion  is  Imparled  to  the  anchor  o  6  by 

nmunicata  with  the  axis  oo'  hj  the 

the  apparatus  is  at  rest,  for  then  tha 

•  "  The  Arabian  astronomers,  and  mop 

s  especially  En-JuDis,  at  the  elose  of 

the  tenth  ceuturj'  and  during  the  brillian 

t  epoch  of  the  Abbassidiati  Califs,  first 
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85.  Cycloidal  pendulum.^Owing  to  the  refiistanee  of  the  air,  and 
to  friction,  a  pendulum  unconneoted  with  other  machinery  has  the 
amplitude  of  its  vibrations  gradually  diminiBhed,  and  Tlbrations  rary- 
ing  greatly  in  amplitude,  vary  very  sensibly  in  the  time  .n  which  they 
are  performed.  To  make  vibrations  of  different  amplitude  absolutely 
isochronous,  Huyghena  conceived  the  idea  of  making  the  pendulum 
describe  a  cycloid,  which,  it  will  be  remembered,  is  the  curve  of  swiftest 
descent  (76).  The  vibrations  of  such  a  pendulum  would,  in  theory,  be 
absolutely  isochronous ;  but  the  mechanical  difficulties  in  the  way  of 
adapting  the  pendulum  to  motion  in  this  curve  forbid  its  adoption. 


;,  heavy  pei 


rating  in  a  vetj  email  circular  an 

perfect,  and  is  for  this  reason  gcaerolly  used  in 

in  tbe  clock  arieing  from  iDeqiiulitic 


S6.  Physical  demonstration  of  the  rotation  of  the  earth  by 
means  of  the  pendulum. — Mr.  Leon  Foucault,  in  1851,  executed  the 
first  physical  demonstration  that  had  been  made  of  die  rotation  of  the 
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earth  upon  its  axia.  This  reniarltable  and  most  interesting  eiperimont 
consista  in  suspending  a  heavy  ball  to  a  long  and  flesible  wire,  and 
altojring  tlie  whole  to  vibrnte  freely,  in  the  manner  of  a  pendulum 
Uoder  these  circumstances  it  will  be  found,  in  these  hititudes,  that  the 
plane  of  vibration  gradually  changes  its  position,  turning  slowly  from 
east  to  west,  or  with  the  motion  of  the  liands  of  a  watch. 

The  connection  between  the  motion  of  the  pendulum  plane  and  the 
earth's  rotation,  may  be  easily  understood.  A  pendulum  set  in  motion 
will  continue  in  the  same  plane  of  vibration,  however  the  point  of  sus- 
pension may  be  rotated.  This  may  be  proved  by  holding  id  the  fingers 
a  pendulum,  made  of  a  simple  ball  and  string,  and  causing  it  to  vibrate. 
Upon  twirling  the  string  between  the  fingers,  the  ball  will  rotate  on  ita 
axis,  without,  however,  affecting  at  alt  the  direction  of  its  vibrations. 
The  reason  for  this  is  obvious ;  the  swinging  pendulum,  when  about  to 
return  (after  an  outward  oscillation)  from  its  point  of  rest,  is  made  to 
move  from  that  point  by  gravity  alone,  and  can,  therefore,  fall  in  but 
one  direction. 

If  a  pendulum  were  osoillating  at  either  of  the  poles  of  the  earth,  the 
plane  of  revolution,  as  it  would  not  change  with  the  revolution  of  the 
earth,  would  mart  this  revolution,  by  seeming  to  revolve  in  a  contrary 
direction,  and  in  24  hours  ic  would  make  apparently  the  whole  circuit 
of  360  degrees.  But,  at  the  equator,  the  plane  of  vibration  is  carried 
forward  by  the  revolution  of  the  earth,  and  so  undergoes  no  change 
with  reference  to  the  meridians.  Between  the  equator  and  the  poles, 
the  time  required  for  the  pendulum  to  make  300",  varies  according  to 
the  latitude,  being  greater  the  further  from  the  poles. 

The  observed  rate  of  motion  of  the  plane  of  vibration  nearly  coincides 
with  that  indicated  by  calculation.  Thus,  at  New  Haven  {N.  lat,  41° 
18i').  the  calculated  motion,  per  horns  was  9-'J2B'',  the  observed  motion 
was  9-97°.   (C.  S.  Lyman,) 

The  greatest  length  of  the  pendulum  wire  hitherto  employed  waa  that 
of  220  feet,  in  the  Pantheon  at  Paris,  At  Bunker  Hill  Monument  it 
was  210  feet  long;  at  New  Haven  71  feet.  The  weight  of  the  ball  em- 
ployed (usually  lead),  has  varied  from  2  to  90  pounds.  The  longer  the 
wire,  and  the  heavier  the  ball  of  the  pendulum,  the  greater  will  be  the 
priibability  of  accurate  results,  for  when  the  mass  of  the  body  is  gre!it, 
and  ita  motion  slow,  the  resistance  of  the  air  will  have  but  comparap 
lively  little  effect  on  the  direction  of  the  vibration. 

87.  The  pendulimi  applied  to  the  atndy  of  gravity. — By  the 
pendulum  we  ascertain  more  aeouratoly  than  by  any  other  method  the 
truth  of  the  first  lair  of  falling  bodies ;  viz.,  that  gravity  acts  equally 
upon  matter  of  every  description  (71).    Newton,  and  more  recently 
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Bessel,  verified  this  law,  bj  using  a  peodulum  having  a  hollow  ball, 
which  was  filled,  Bueoesalvelj,  with  various  Bubetancea — metals,  ivorj, 
meteoric  Btones,  wool,  feathers,  liquids,  &e. — that  could  not  be  olherwiae 
Bubmittcd  to  trial.  This  experiment  affords  the  most  precise  and  unmis- 
takable evidence  that  gravity  [g)  acts  on  all  bodies  in  the  same  mauner. 
Since  »(  is  a  constant  quantity,  the  formula  for  the  pendulum  shows 
that  if  Tand  I  do  not  vary,  g  remains  also  constant. 

88.  Use  of  the  pendalam  for  measuring  the  force  of  gravity. — 
The  value  of  the  term  j?  for  any  place  may  be  easily  obtained  mathe- 
matically (the  length  of  a  pendulum  which  oscillates  in  a  given  time 
( T)  being  known),  by  transposing  the  fonnuU  for  the  pendulum  (81) ; 
thus  we  have  for  the  intensity  sought — 

g  =^  -^,     and  assuming  3* equal  unity,  then  I  is 

the  length  of  a  seconds  pendulum,  and  we  have 

Eiperi mentally,  we  may  determine  the  intensity  of  gravity  at  any 
place,  by  oountJng  with  exactness  the  number  of  oscillationB  m^de  at 
the  place  of  observation  in  a  given  time,  by  a  pendulum  whose  length 
IB  known,  and  then  dividing  the  time  by  the  number  of  obcdlations. 
Any  error  in  observing  the  time  of  a  single  oscillation  is  thus  greatly 
diminished,  by  subdivision,  and  by  a  sufEcient  number  of  repetitions 
this  error  may  be  reduced  to  a  quantity  too  small  for  consideration. 

It  was  thus  that  Borda  and  Cassini,  in  ITSft,  measured  with  great 
accuracy,  the  intensity  oE  gravity  at  the  Observatory  in  Paris,  using  a 
pendulum  composed  of  a  platinum  ball,  suspended  by  a  fine  platinum 
wire,  upon  knife  edges  of  steel,  resting  on  agate  planes.  The  whole 
was  about  four  metres  long,  and  its  oscillations  were  counted,  not 
directly,  but  by  means  of  an  ingenious  comparison  with  the  motions  of  a 
clock  pendulum,  placed  a  few  metres  behind,  marking  by  a  telescope 
the  occurrence  of  a  coincidence  in  the  vertical  position  of  the  two  pen- 
dulums, and  then  observing  the  number  of  seconds  before  a  coincidence 
occurred  again.     The  pendulums  were  inclosed  in  glass  cases,  to  avoid 

89.  Value  of  g  in  these  ezperimeata. — After  carefully  elimi- 
nating the  errors  of  experiment  due  to  the  influence  of  the  air  (the  con 
sideration  of  which  would  lead  us  too  far  into  the  refinements  of  this 
Hubject  for  our  limited  space),  Borda  and  Cassini  found  for  the  intensity 
of  gravity  at  Paris  y  =  9*8088  metres,  equal  to  32- 1798  feet.  This 
value  has  been  confirmed  by  Arago,  Biot,  and  others,  and  slightly  cor- 
rected by  Bessel,  by  considering  the  loss  of  weight  in  air  due  to  the 
motion  of  the  pendulum,  giving  the  quantity  g  —  98096  metres. 
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Seconds  pendalam  — On  the  other  haod,  ;FheD  we  ^ddtv  the 
aouelerating  force  uf  gravity  g  at  any  given  place,  it  is  easy  ki  calcu- 
late the  length  of  the  simple  pendulum  vibratiDg  aeconda,  assuming  the 
oaoillations  tu  be  infioitdy  small  Thus  in  the  formula  for  the  pendu- 
lum (81)  making  2"=:  1'  and  using  for  g  the  value  determined  for 
the  place  we  ha^el^al  Pans  0  993866  metre  =  39-127  inches,  and 
corrections  bein^  mide  for  the  interference  of  the  oir,  this  quantity,  as 
determined  by  Beasel  is  0  993781  metre  ^  39-12367  inches. 

II      MODinCATlO-JS   OF   TEHRESTRI  4L   GMVITY   iND    THBIB   CAUSES. 

90  The  intensity  of  gravity  vaties  with  the  latitude. — Very 
aumProuf  bservitious  miie  with  the  pendulum,  on  different  parts  of 
the  earth  s  surfane  ha\e  shown  thit  the  force  of  gravity  is  by  no  means 
the  same  at  all  plaises,  and  particularly  that  it  increases  in  going  from 
the  equator  toward  either  pole.  This  result  is  observed  in  the  increas- 
ing length  of  the  pendulum  vibrating  seconds,  since  by  |  8S,  g  is  pro- 
portional to  I,  the  peadulum  must  be  longer,  as  the  force  of  gravity  is 
greater,  to  preserve  the  same  time  in  oscUlation.  The  value  of  g  for 
any  latitude  is  obtained  with  approximate  accuracy  by  the  formula 
3  =  32-17076  (1  —  0  0U259,  cos.  2i},  in  which  1  is  the  latitude  of  the 
place,  and  32.17076  feet  the  value  of  p  at  latitude  45°.  By  substituting 
for  A,  Buccesaively  0°  and  90°,  we  obt^n  at  the  equator  s'= 32-0874377 
feet,  and  at  the  poles  (f  =  32-254083  feet. 

The  following  table  of  the  v! 
the  latitude,  is  condensed 
p.  132,  I.  2.) 


3e-2l6H93 
39-20-1339 


St  Thoinaa,  W.  I., 


Cape  of  Good  Hope, 


39  02166SS 
3»012fiUl 
3»-(H52B99 


•  In  reducing  Saigej's  table  of  lengths  ol 
loealities,  to  American  iniibes,  the  French  m 
inrbee,  us  adapted  by  Che  Cniled  States  Coa 
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Numerous  obaervations  on  the  U.  S.  Coast  Surrey,  and  elaewhera, 
ahaw  that  the  value  of  g  is  bj  no  means  rigorously  the  same  al  all 
poirts  on  the  same  parallel;  a  dlscrepaufij  to  be  esplained  only  by 
supposing  an  inherent  difference  in  the  constitution  of  the  earth's  crust 
at  (liferent  places. 

The  variation  of  gi-avity  with  change  of  latitude  is  due  to  two  causes, 
1st,  To  the  flattening  of  the  earth  at  its  poles,  2d,  To  the  centrifugal 
force  created  by  the  revolution  of  the  earth  upon  its  aiis.  The  last 
cause  also,  1)Gy:nd  douht,  induced  the  flattening  of  the  poles  in  the 
earlier  history  of  our  planet. 

91.  Znflaence  of  the  earth's  figure  upon  gravltj.— Until  1GG6 
the  perfect  sphericity  of  the  earth  had  not  been  questioned,  although  in 
the  preceding  century  the  flattening  of  the  planet  Jupiter  at  the  poles 
had  been  observed.  Subsequently  (in  1672),  Richer,  sent  by  the 
Academy  of  Paris  to  Cayenne,  remarked  that  hia  pendulum  no  longer 
beat  seconds  at  the  latter  place,  until  it  was  shortened  a  line  and  a  quar- 
ter from  ita  length  at  Paris.  This  observation  at  once  indicated  a  less 
force  of  gravity  at  Cayenne  than  at  Paris,  and  suggested  doubta  respect- 
ing the  sphericity  of  the  earth.  Huyghens  attributed  this  diminution 
of  the  force  of  gravity  to  centrifugal  force,  and  conceived  that  the  eartb 
must  ho  bulged  out  at  the  equator. 

Huyghena  and  Newton,  aesuming  that  the  earth  had  become  solid 
from  an  originally  fluid  mass,  whose  particles  attracted  each  other, 
subject  to  the  laws  of  hydrostatics  and  of  the  centrifugal  force,  arrived 
at  the  conclusion,  from  mathematical  calculation,  that  the  earth's  figure 
was  that  of  an  oblate  spheroid,  whose  polar  diameter  was  about  26 
miles  less  than  its  equatorial.     Laplace  17 

reached  almost  the  same  conclusion,  by 
calculating  the  effect  of  the  equatorial  j*«^f»i^ 

mass  on  the  motions  of  the  moon.     The  ^jP     I  ^^^\ 

effect  of  the  centrifugal  force  upon   a         /   /       B        A      \ 
yielding  mass,  may  bo  shown  by  theap-        I- /---4>'-""V"'--l 
paratus,  fig.  47.    Two  circles  of  wire,  or      .  |-'   l         I       "|      J-; 
flesible   metallic  ribbons,  are  attached     .■    \     \        I        I     i  ■^'" 
below  to  an  asis,  and  above  to  a  sliding       '■,  \    \.     I     /  J'  ■'    ' 
ring,  and  being   rapidly  rotated  by  the  "^^^^A^&^^      -'' 

whirling  table,  the  circles  flatten  in  the  "         ^g 

direction  of  the   asis,  and  bulge  at  the  ^r 

equator,  as  shown  by  the  dotted  lines. 

But  it  was  only  by  the  actual  measurement  of  an  are  of  meridian 
that  the  exact  figure  of  the  earth  became  known.  This  important  geo- 
desic operation  was  undertaken,  by  La  Condamine  and  others,  in  1736 
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in  Peru,  by  order  of  the  French  government,  and  waa  leaa  iwjurately 
performed  by  Picard  in  France,  in  1669,  This  operation  led  to  the 
conclusion  (since  demonstrated  by  numerous  similar  measurements), 
that  the  successiTe  arcs  on  the  same  meridian,  comprised  between  two 
verticals  forming  an  angle  of  1°,  become  larger  and  larger  as  we  ad- 
vance toward  the  poles.  Consequently,  the  equatorial  radius  is  greater 
than  the  polar,  and  the  plumb  line  will  point  to  the  centre  of  the  earth 
only  in  one  of  those  radii. 

The  astronomers  Mason  and  Dixon,  who,  in  1TC4-6,  established  the 
boundaries  between  Pennsylvania.  Delaware,  and  Maryland,  afterwards, 
in  1768,  re-measured  a  line  of  538, 067  feet,  with  great  accuracy,  very  near 
the  meridian,  for  the  purpose  of  determiDing  the  value  of  an  arc.  Fcur- 
flfths  of  this  (434,0ilf*(,li)  was  one  unbroken  line,  without  trianguJation, 
on  a  vast  level  plain.  They  used  rods  of  fir,  frequently  compared  with  a 
standard  brass  measure  at  a  fixed  temperature.  They  found  the  length 
of  a  degree  of  latitude  to  be  363,763  English  feet.  (Phil.  Trans.  1768.) 
The  goQor^  reaulta  ma;  be  illustrated  by  the  foUaniag  diagrajn. 
Let  the  line  A  P,  fig-  4^'  repreront  »  qnad-  4B 

rant  of  a  meridiao,  of  which  0  P  is  tbe  polar, 

fitations  on  this  meridian,  one  degree  diataut 

tor,  and  from  each  statioD  prolong  the  direo. 
tion  of  the  ] 


plnn 


imilart;  produced  from  tbe  pi 


■finus  station ;  a  fr  o  are  three  buc 

b  points,  an 

t  is  plain  tbat  the  interseations 

f  tbe  ptum 

ines  from  each  of  tte  ninety  yer 

icflls  on  th 

qnadrant,  would  together  evolv 

0  the   curv 

a  i  rp,  and  the  same  if  the  etat 

ons  were  in 

Bnite.    Objeetson  different  parts 

f  tbe  earth' 

urface  are  not  attracted  to  a  co 

of  gravitj.      Tbe  centre  of  gra 

vity  for  an 

point,  A,  B,  C,  P,  on  tha  qnadrn 

nl,  A  P,  mu 

n,  *,  c,  p,  where  tbe  respeetire  no 

rmals  cat  t 

be  attraction  of  gra^-ity  acts  as 

if  it  origin 

Bob  lb6,w^«»,(S  of  gravity  is  gr 

ater  at  B  th 

The  revolntinn  ot  the   evolule 

op  on  Us 

surface  (called  a  lotm\  in  which  will  be 

points  on  tbe  lower  bemiapbere  by  the  rovolntion  of  tbe  curve  ap'. 

Evidently,  therefore,  a  body  placed  at  the  equator  will  be  very  differ- 
ently afiected  by  the  force  of  gravity,  from  what  it  would  if  placed  at 
the  poles.  The  amount  of  flattening  at  tbe  poles  is  about  -jjj  of  the 
equatorial  radius,  or, accurately,  jnjT  •  ^^bX  is,  the  polar  radius  is  so 
much  shorter  'ban  the  equatorial— exactly  21-319  kilometres,  equal 
13'246483  miles;  or  in  the  diameter  nearly  26}  miles  (26'4g2'366).     In 
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an  exact  model  of  the  earth  15  iuohea  diameter,  it  would  be  reprft- 
Bented  liy  J„  of  an  inch;  a  quantity  t/i.  small  to  be  detected  bj  the  eje 
or  hand. 

92.  Exact  dimensions  of  the  eaitb. — According  to  the  latest  cal- 
culationa  the  exact  dimensions  of  the  earth,  as  given  by  Kohler,  when 
Eeduced  ta  American  standard  measures,  are  as  follows: 

Volume  of  the  earth,     259,756,014,917  cubic  miles. 

Surface  of  tlie  eartli,    196,881,077         square  miles. 

Length  of  a  quadrant,  621399609  miles. 

Mean  radius  [lat.  45"),  3955'94978 

Bqualoriai  radiua,         3962'57302  " 

Polar  radius,  394932654 

Difference  between  the  last  two  dimensions  13-24648  miles. 
The  equaturial  swelling,  or  that  portionof  the  earth  which  lies  outside  of 
a  perfect  sphere,  whose  circumference  is  described  by  the  polar  radius, 
is  -i,  part  of  the  whole  volume  of  the  earth.  Two  verticals  includo  an 
angle  of  1"  when  they  are  101-7  feet  distant  from  each  other,  and  they 
will  inclose  a  sector  of  1'  when  they  are  distant  from,  eacb  other  1'15 

93.  Sensible   weight  varies  In  different  localities.— Tto  aama 
body  is  BCQEiblj  lighter  at  the  equator  than  at  the  poles  of  tte  earlli,  in  tha 
ratio  of  194  to  195.     This  difference  cannot  be  detected  bj  the  balance,  beoauBo 
the  thing  B-eigbed  ia   i!Onnt«rpoiaed  by  an   equal  49 
standard   neight,  ander   the  aame  eircuiPEtaDeea ;  t 
and  if  both  aie  removed  to  anotber  atation,  I 
weight,  if  phanged,  niH  he  ebangcd  equally,  ai 
bodj  and  its  counterpoiBe  once  adjuated,  will 
tinue  to  balance  each  other  wherever  they  are 
ried.     It  is  net  in   this  sense  that  191  lbs.  at 
equator  will  neigh  196  lbs.  at  the  poles ;  but  i 
conceivo  a  bodj,  y,  auaponded  by  a  cord,  imag 
withoat  weight,  passing  over  apuUej  at  the  equator, 
as  in  tbe  anneied   tigure,  49,  and   connected  by 
other  pulleys,  all  without  friction,  with  lt,  another 
equal   weight,  at  the  poles;    then,    althoagh    the 
weights  would  oounterpoiee  each  other  in  a  bulanco,  they  would 
Aituatiun.  but  the  polar  weight  would  prepondcrale,  end  y  would  n 

Tbe  above  pbenomcnft  are  readily  demonalrated  by  the  spring- balance,  tt 
dynamometer  (37.) 

94.  Effect  of  the  earth's  rotation  on  gravity, — Newton  and 
others  have  determined,  by  ealcolation,  that  the  increase  of  weight, 
due  to  the  spheroidal  form  of  the  earth,  is  _'  ,  n  lien  a  body  is  trans- 
ported from  the  equator  to  the  poles;  jet  the  difference  of  weight  ia 
f<  und  eiperimentally  to  amount  to  the  much  more  considertftle  quan 
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dty  of  yjj  part  of  the  total  weight  of  the  body.  Thia  large  difference 
is  aooeinted  for  bj  the  centrifugal  force,  which  is  nothing  at  the  poles, 
BDd  regularly  increases  towards  the  equator,  where  it  is  greatest,  and 
in  the  same  ratio  diminisliea  the  weight  of  bodies  on  the  earth's  sur- 
face. The  earth  revolves  unoe  in  24  hours,  hut  if  it  revoUrid  eeventeea 
times  more  rapidly  than  it  now  does,  or  in  Ih.  24m,  25s.,  tlie  centrifugal 
force  would  balance  the  force  of  gravity,  and  bodies  at  the  equator  would 
have  no  sensible  weight.  If  the  velocity  of  revolution  was  farther 
increased  thp  oceans  would  be  thrown  off'  like  water  from  a  grindstone, 
and  all  loose  materials  would  fall  into  epace. 


ofee 


m  the  E 


il  force  it  folio 
urfaceif  the  differt 


earth's  attraction  and  the  centrifugal  force  dereloped  b;  tl 
eartb.  Bj  J  54  the  oentrifugul  force  at  the  eqnator  ^  (7  ==  ■ — —  ;  R  bi 
equatorial  radius,  and  T  a  diurnal  revolution.  If  G  represent  the  attra 
Ihe  earth,  and  J  tba  weight  of  a  body  at  the  equator,  then  (  1  )g  —  <l- 


of  the 


Let  m,  fig.  50,  bo  a  material  particle  taken  on  any  parallel,  ai 
the  ruaiDS  of  this  parallel,  by  r,  the  centrifugal 

d  represent  A  m, 
60 

force  at  this  point,  m/=  c  —  — ^.    But  as  this          y/""^ 

P^^.^ 

force  does  not  act  in  the  direction  of  gravity,  de-     / 

'  /  V 

oompose   it  into  two   others,  one  of  which,  mh,   ( 

/      V 

/      ^ 

upon  it,  SJid  the  other  m  a  acting  directly  against  \                 " 

gravity.     Let  m  0  B,  the  latUade  of  the  place,   \ 

1 

the   right-angled   triangle   =«./,».«  U  equal  to        X. 
m/ X  cosine  of  <.«./==:  coos.  Z.     In  the  triangle               ^-' 

^ 

A  Hi  0,  A  Hi  =  r  =  ft  cos,  L.     It  follows  that  the  vertical  c 

mponent  m  a  =! 

,"  L.     The  force  of  gi 


■I,  by  plac 


/  4K'/i'\ 


Taking  far  the 
feel,  and  7  =  Sfi 

wa  find  for  the  vi 
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reyoired  17  timea  faster  than  it  does  at  present,  making  T  aSYintaen  timea 
(Dialler,  the  aeeond  Icrm  in  the  parentliesis  wonld  booome  unity,  and  the  value 
of  g  would  be  lero,  or  bodies  at  the  equator  would  have  no  weight.  The  eiprea- 
■ion  (1)  enables  us  to  oaleulata  the  attraetiva  force  at  the  equator,  assuming  «g 
a  atarting  point  the  value  g  —  32-09025  feet  as  the  value  of  gravitj  as  indicated 
bj  the  peodulum.  Wa  then  find  the  attraotire  force  at  the  equator  G  ^^  32-20147 
feel,  and  the  centrifugal  foroe  at  the  equator  =  O'lliaiO  fact. 

95.  Variation  of  gravity  above  the  earth  and  below  its  sur- 
face.— By  the  law  of  gravitation  it  follows  thut  as  we  rise  ibove  tha 
earth  the  force  of  gvavitj  must  diminiah.  This  dimmutioQ  is  sufficient 
to  be  appreciable  at  any  considerable  distance  aboie  the  level  of  the 
sea ;  tlierefore,  to  compare  the  reaalts  of  espenmentB  relating  to  the 
force  of  gravity  at  different  situations  on  the  earth  s  surtai,e  it  is  neces- 
sary to  reduce  all  observations  to  a  common  standard — the  sta  level. 

Eepreaenting  by  g'  the  intensity  of  gravity  at  any  elevation  h,  and 
the  earth's  radius  by  B,  coglooting  the  variation  of  the  centrifugal 
force,  we  have 

g:g'^(B  +  hf:R';  hence  9  =  3-  ^^— . 
The  mean  distance  of  the  moon  from  the  earth's  centre  is  about 
sixty  times  the  equatorial  radius  of  the  earth,  and  it  completes  its  orbit 
(assumed  to  be  circular)  in  27'322  days.  As,  therefore,  the  intensity 
of  the  earth's  attraction  at  the  moon  equals  the  centrifugal  force  (as  is 
evident  from  physical  astronomy),  this  force  can  be  calculated  by  aob- 
stituting  for  It  sisty  times  the  earth's  radius,  ia  the  formula  for  centri- 
fugal "brce.  Substituting  for  T  the  time  of  a  lunar  revolution  expressed 
in  seconis,  we  find  for  the  earth's  attraction  on  the  moon  a  ~    "  -^      . 

=  0.00679  feet,  which  is  about  3600  times  less  than  the  attraction  of 
the  earth  for  bodies  on  its  surface  at  the  equator  [aaauming  for  bodies 
as  distant  as  the  moon  that  the  attraction  of  the  earth  is  concentrated 
at  ita  centre).  This  agrees  with  the  law  of  gravitation,  the  square  of 
60  being  3600. 

Belo-w  the  eaith's  surface,  assuming  the  earth  to  be  a  sphere,  the 
force  of  gravity  is  proportional  to  the  distance  of  the  particle  from  its 
centre.  It  is  plain  that  the  force  of  attraction  at  any  point  beneath 
the  surface  is  diminished  by  whatever  part  of  the  earth  is  above  the 
•particle,  and  the  resultant  force  is  the  difference  between  the  two  com 
^onents.  Could  a  body  be  placed  in  empty  space  at  the  centre  of  the 
earth,  it  would  be  sustained  there  without  any  material  support  by  the 
equal  and  oppoaite  attractions.  It  can  also  be  demonstrated  mathe- 
matically that,  if  the  earth  were  a  hollow  sphere  of  uniform  density 
a  material  parli^le  would  rtmain  at  rest  at  any  p  lint  within  it.     fi 
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follOTra  from  this  that : — The  aiiraclion  of  (Se  eoi'rt,  fir  a  particle  of 
matlerbelow  its  surface,  is  dirccily  proporiional  to  its  distance  from  tht 
centre  of  the  ea  ih. 

I  4,  Mass  aad  Weight. 

96.  Mass  —The  mass  of  a  body  is  the  quantity  of  matter  whith  It 
oontaina :  and  since  the  absolute  weight  of  a  mass  of  matter  is  Che  sum 
:!f  the  attraction  of  gravitation  upon  all  its  moleouiM,  it  foil  w  th  t  ' 
the  same  place,  the  masses  of  bodies  are  to  each  otjier  as  th  w  (,bls 
Calling  the  mass  M  and  the  weiftht  W,  and  the  force  of  g  ty  /  f 
any  given  body,  then  W^^  Mg.  We  have  already  seen  (41)  th  th 
masses  of  bodies  may  be  compared  by  the  forces  required  t  p  t  t 
them  equal  volooi ties.  Since  gravity  acts  equally  on  m  tt  f  h  tr 
ever  description,  this  comparison  may  also  be  made  by  comp  g  th 
weights  when  otherwise  under  the  same  conditions.  ' 

97.  Weight.— The  term  weight  as  used  above,  and  always  in  scien- 
tific language,  means  the  pressure  eierted  by  a  given  mass,  due  to  the 
force  of  gravity.  This  varies,  as  we  have  seen,  with  the  force  of  gravity, 
tuid  is  not  the  same  for  the  same  mass  at  all  parts  of  the  earth's  sur- 
face (93).  The  weight  of  any  given  kind  of  matter  varies  also  with  its 
mass,  A  mass  of  two,  three,  or  ten  times  a  given  unit  weighs  two, 
three,  or  ten  times  as  much  as  that  unit  at  the  same  place,  and  hence 
we  are  very  prone  to  confound  the  weight  of  a  substance  with  its  mass. 
On  the  surface  of  the  earth  this  confusion  of  terms  can  lead,  as  we  have 
seen  (93),  to  an  error  of  only  about  one  two-hundredth  part  of  the 
whole  (jjj).  That  is,  a  mass  of  iron  weighing  1000  lbs.  on  the  equator 
would  weigh  1005  lbs.  at  the  polo.  Such  a  mass  of  iron  would  weigh 
only  600  lbs.  at  a  distance  of  2000  miles  below  the  surface  of  the  earth, 
or  1650  miles  above  the  earth,  and  only  160  lbs.  on  the  moon,  while  it 
would  weigh  about  2600  lbs.  on  the  planet  Jupiter,  and  28,000  lbs.  if 
placed  on  the  sun. 

98.  Density.— The  density  of  a  body  is  the  mass  comprised  under  a 
unit  of  volume,  or  M^  FX  A  where  the  mass,  M,  of  a  body  is  equal 
to  its  volume,  F,  multiplied  by  its  density,  D; 


transferring,  we  have     F= 


D' 


This  may  be  otherwise  stated,  thus — 1st,  the  mass  is  proportional  to 
the  volume ;  2d,  for  an  equal  volume  the  mass  is  proportional  to  the 
density ;  and,  3d,  the  density  of  the  same  mass  is  inversely  proportional 
to  the  volume  it  occupies. 

99.  Specific 'weight  is  theweightcontained  in  aunitof  volume;  this 
is  also  often  called  specific  gravity.   Represanting  specific  weight  by  w. 
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and  absolute  weight  bj  IF,  we  have  W=  Vx  ">■  hence,  Ist,  the  weight 
is  proportional  l<i  the  roiume ;  2d,  for  an  equal  volume  the  absolute 
weight  is  proportional  to  the  specific:  weight;  and,  3d,  for  equal  abso 
lute  weights  the  BpeoiSc  weight  is  inversely  as  the  volume. 

By  the  first  formula  we  have  w=  Dg,  whence  w  is  the  weight  of  the 
unit  of  volume,  and  D  its  mass.  Replacing  lo  by  this  value  in  the  last 
formula   it  becomes  W^  VXI>\i/ 

Specific  weight  differs  therefore  from  lensity  esi  tlj  a*  weight 
differs  from  mass  Both  weight  and  graiitj  viry  with  the  ht  tuie 
and  the  unit  ai,pepted  as  a  standard  varies  ala  but  when  the  sane 
standards  are  employed  the  numbers  eipiessing  the  weights  remain 
um-hingpi  and  no  aensibie  error  results  Ife  terms  density  and 
apecifii,  gravity  have  thus  been  u»:ed  inter  hangeably  f  r  cich  tfer 
alth  ugh  B[  eak  ng  ntnUly  involving  d  fferent  qu^ntlt  es  Tie  balance 
IS  the  c  mmon  instrument  used  to  determine  weights  It  will  be 
described  under  the  lever  of  which  it  is  one  form 

100.  French  system  of  weights.— As  in  measures  (16),  so  in 
weights  it  is  indispensable  to  assume  some  arbitrary  standard  unit. 
The  French  have  assumed  as  their  unit  of  weight,  the  pressure  eserted 
by  one  cubic  centimetre  of  pure  water  at  its  maximum  density  [i9°.2 
Fahrenheit),  in  a  vacuum,  and  at  the  latitude  of  Paris.  This  unit  ia 
called  a  gramme,  and  it  weighs  (nearly)  15'433  grains  English.  The 
gramme  is  multiplied  and  divided  decimally,  and  these  multiples  and 
subdivisions  are  named  on  the  same  plan  with  the  parts  of  a  metre ; 
Thus  we  have, 

1  Decagramme   =      10  "  1  CeQligramme  =«-()lII  " 

1  Graramo  =        1  "  |       1  Milligramme  =0-001  " 

The  kilogramme  is  the  commercial  unit  of  weight,  and  is  rather  less 
than  2i  lbs.  avoirdupois,  being  15,432-42  English  grains, 

The  French  unit  is  of  course  a  gramme  only  at  Paris,  and  at  higher 
or  lower  latitudes  weighs  (according  to  the  principles  before  explained) 
more  or  less  than  a  gramme.  But  this  leads  to  no  practical  ineonve- 
nience,  so  long  as  a  set  of  esaot  measurements  made  in  one  latitude  are 
not  brought  int*  rigorous  comparison  with  those  made  by  the  saiiio 
s^:.^ a.;;'i  in  another  Imtitude.  The  general  acceptance  of  the  French 
aystc-::  ii_;ji-.g  scientific  y^en,  eqcI  its  special  fitnesi  for  ecientifio 
resea  -ii,  jrfing  Eo  the  vory  simpie  i-eiation  wnioii  esisfs  between  it  and 
the  system  of  measurea  airuatiy  Uwjunoiu, -ivouid  s^om  to  rend;;  ^ij 
universal  adoption  of  a  decimal  syetem  of  weights  and  measures  f-^r 
the  United  States  oue  of  the  great  desiderata  still  to  be  aeoompliahud 
for  our  common  country. 
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101.  UDgllsh  and  American  aystem  of  'weights. — In  Engl.ind, 
as  in  the  United  States,  two  ijistinct  units  of  weiglit  are  in  common  use, 
tending  ta  couBtant  confusiou,  both  of  terms  and  quantities.  These 
units,  the  Tny  pound  and  the  Avoirdupois  povnd,  are  entirely  arbitrary. 
Tliej  are  represented  by  certain  masses  of  brass,  declared  by  law  to  be 
the  legal  standards  of  the  above  names.  These  pounds  are  related  to 
each  other  in  the  ratio  of  144  to  175,  and,  escepting  the  grains, 
none  of  their  subdivisions  are  alike.  The  troy  pound  contains  5700 
grains  divided  among  12  ounces,  and  the  avoirdupoia  pound  contains 
7000  grains  divided  among  16  ounces.  The  legal  standard  of  weight 
in  the  United  States  ia  the  iroy  pound,  copied  by  Capt.  Kater  in  1827 
from  the  English  Imperial  Troj  pound,  for  the  U.  S.  Mint  at  Philadel- 
phia, where  it  now  is.  The  avoirdupois  pound  is,  however,  the  unit 
of  weight  in  actual  use  in  most  commercial  tiansactions.  Rater's  copy 
of  the  troy  pound  is  a  standard  at  62'  of  Fahrenheit's  thermometer  and 
30  inches  of  the  barometer.  A  cubic  inch  of  distilled  tvatcr  weighs  in 
the  air  at  62°  Fahrenheit  and  30  inches  barometrio  pressure  252-456 
grains. 

The  English  standard  of  weight  is  connected  with  that  of  measure  by 
the  parliamentary  enactment,  that  277-274  cubic  inches  shall  ci 
the  Imperial  gallon  of  70,000  grains,  or  ten  pounds  of  pure  v 
62°  F.  and  30  inches  barometric  pressure. 

The  Amei-iean  standard  gallon  contains  at  39°-83  F.  (the  i 
density  of  water  adopted  by  Hassler)  58,372  grains  of  pure  water  at  30 
inches  barometric  pressure.  Tables  for  the  comparison  and  reduction 
of  the  French,  English,  and  American  units  will  be  found  at  the  end 
of  thia  volume. 

102.  Estimation  of  the  density  of  tbe  eartb  by  experiment. — 
In  the  vicinity  of  a  mountain  a  plumb-line  is  not  truly  perpendicular, 
but  is  drawn  to  one  side  by  the  lateral  attraction  of  the  mountain.  The 
amount  of  this  deviation  is  measured  by  observations  on  the  zenith  dis- 
tances of  a  star,  at  two  stations  on  opposite  sides  of  the  mountain,  and 
on  the  same  meridian.  This  deviation  was  first  noticed  near  Mount 
Chimborazo  iu  1738,  by  the  French  Academicians  engaged  in  measuring 
a,  meridian  arc  in  Peru,  where  the  deviation  was  7"'5.  In  1774,  Mas- 
kelyne  found  a  deviation  of  5"'8i{,  caused  by  the  lateral  attraction  of 
Scbeballien,  an  isolated  mountain  in  Scotland.  Hutton  spent  three 
years  in  ascertaining  the  mean  attraction  of  one  thousand  stations  on 
this  mountain;  a  labor  rewarded  by  the  Eoyal  Society  of  London 
Estimating  the  mean  density  of  the  rocks  of  Schehallien  at  25  to  3  S. 
as  determined  by  Playfair,  the  mean  density  of  the  earth  was  detep- 
mined  to  be  over  five  times  the  density  of  water.     The  accurate  inve» 
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tigatiOD  of  this  problem  was  one  of  the  highest  importance  ia  ostronomy, 
BJnee  it  furnished  the  means  of  determining  the  mean  ijeositj  of  the 
earth,  by  eomparing  its  attraction  vith  the  attraction  of  a  part  of  its 
mass,  whose  density  could  be  ascertained  by  direct  experiment. 

This  problem  is  solved  with  much  greater  precision,  by  the  famous 
eipariment  of  Cavendish,  in  which  the  earth's  attraction  is  compared 
mth  that  of  a  mass  of  lead. 

Cavandiah'a  determitatioos  of  the  density  of  the  earth  were  made,  in  1793, 
by  means  of  an  apparatus  euggeBtcd  by  the  Rev.  John  Michell. 


ing  a  leaden  bal],  about 


tremity.      Two  heavy  sphf 

rrical  masses  of  metal  were  then  brought  near  to  the 

balls,  so  that  their  attract! 

ons  eoaepircd  in  drawing  the  arm  aside.     The  devia- 

Hon  of  the  arm  was  obscrv 

ed;  and  the  force  necessary  to  produce  o  given  davi- 

■don  of  the  arm,  being  cal 

oulated  from  its  time  of  vibration,  it  nas  foand  what 

portion  of  the  weigbt  of  eii 

ther  ball  naa  equal  to  the  attraetiou  of  the  mass  of 

me lal  placed  near  it.     Fr 

om  the  known  wei£ht  of  Ihe  mass  of  metal,  the  dis- 

taDC«  of  the  eentres  of  the 

it  is  easy  to  dcttrmine  the 

attrattion  of  an  equal  spherical  mass  of  water,  upon 

a  particle  as  heavy  a*  the 

ball  placed  on  ils  surface.     Now  the  attjaction  of  Ibis 

sphere  »ill  have  to  that  o 

f  the  earth  the  same  ratio  as  their  densities  ]  apd  as 

the  attraction  of  the  earth 

is  equal  to  the  weight  of  the  ball,  it  follows,  that  ai 

the  calcniated  attraction  i> 

1  to  the  weight  of  the  ball,  so  is  the  density  of  watei 

to  the  earth's  density,  nhi. 

A  comparison  of  about  two  thousand  eiperiments  with  an  improved 
form  of  this  delicate  apparatus,  conducted  by  Mr.  Francis  Bailey,  in 
1842,  determined  the  mean  density  of  the  earth  (o  be  5'6604  times  that 
of  water.  It  is  worthy  of  remarit  that  Newton,  whose  gueasea  were 
often  worth  more  than  the  researches  of  less  sagacious  men,  had  con- 
lectured  the  earth's  density  to  be  between  5  and  6  times  the  density 
f  water. 

The  calculation  is  conducted  thus.  Let  L  be  half  the  length  of  the  borlsontal 
^m  of  wood.  0  the  attraction  of  the  masses  of  lead,  and  (  the  time  of  an 
■cillation— neglecting  the  efiect  of  torsion— Then,  according  to  the  theory  of 
he  pendulum  (31), 


'=n4- 


Jailing  IDB  attraction  of  the  unit  of  mass  upon  the  unit  of  mass  at  the  unit  of 
diitanoa  a;  the  mass  of  each  iphero  of  lead  m;  rf  the  distance  from  the  centTB 
«f  Ihij  sptiere  to  that  of  the  attracted  sphere  when  in  theiposttion  of  aqailibriDin  j 


db,  Google 


GRAVITATION. 


By  subatitutiag  these  values  of  0  sad  g  in  tbe  last  proportion,  it  bccDino 
l:L^  tPM :  R'm,     ot 
M-.m^m'  :  Ld', 
whioh  flsee  the  ratio  betweoD  the  miLss  of  the  earth  (J/)  and  that  of  one  ef  Ihs 
masses  of  lead  (m),  as  given  bj  tbe  balance.     The  volume  of  the  eartli  being 
represented  by    V,  and  iU  mean   density  by  D,  we  have  by  (98)  M^Vx  D, 
from  which,  M  and  Fbeing  known,  D  is  deduced. 

The  Inference,  unavoidable,  from  these  fects  is,  that  the  Interior 
parts  of  the  earth  must  be  much  more  dense  than  the  superficial  crust. 
Granite  and  other  rocks  on  the  earth's  Burfaoe  have  an  average  density 
of  about  2'5.  This  remarkabSe  fact  may  be  explained,  partly  by 
remembering  that  the  interior  parts  of  the  earth  sustain  the  enormous 
pressure  of  the  surface  portions,  and  partly  by  the  hypotbesia  of  primi- 
tive fluidity,  which  authorisios  the  belief  that  the  more  dense  portions 
of  the  planet  would  seek  the  lowest  place,  and  the  lighter  parts  the 
surface. 

\  5.   Motion  of  Projectiles. 

103.  Projectiles  are  bodies  throvm  into  the  air  by  some  momenlary 
force.  They  are  therefore  subject  to  two  forces,  one  the  projectile 
force,  which  is  momentary,  the  other  the  constant  force  of  gravity. 

When  a  body  is  projected  vertically  upward,  it  rises  with  a  uniformly 
retarded  motion,  the  action  of  gravity  diminishing  the  velocity  of  ascent, 
at  every  instant,  until  the  projectile  force  is  expended,  when  the  body 
commences  to  descend,  and  passing  every  point  in  its  downward  path 
at  the  same  rate  as  in  its  upward  flight,  it  acquires  at  the  end  of  its 
fall  a  velocity  equal  to  that  with  which  it  was  projected. 

In  the  same  manner  when  a  body  is  projected  vertically  downwards 
its  path,  is  the  same  as  that  of  a  body  falling  freely,  but  the  space 
traversed,  and  also  the  velocity,  are  resultants  of  the  sum  of  the  two 
forces.  These  are  simple  cases  under  the  laws  of  uniformly  accelerated 
or  retarded  motion  already  considered  (32). 

If  the  direction  of  Uie  projectile  is  not  perpendicular,  then  the  path 
of  the  projectile  must  be  a  curve  (51). 

Thus,  if  a  cannon-boll  is  shot  in  the  direction  n  6  (fig.  51),  with  a  yolooity 
whioh  would  carry  it  through  tke  space  a  I  in  one  second,  then,  by  tbe  laws  of 
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projected  ia  the  direction  a  b,  it  ie  Bubjcct  also  to  the  ^tion  at  gia' 


seconds,  it  nill  bo  at  /  and  g,  instead  of  II 
and  III ;  and  at  tbe  end  of  four  eecODds  the 
body  Bill  arrive  al  *,  the  result  bj  the  patal- 

if  it  had  been  fir 

for^e  in  the  line  i 

then  allowed  to  fall  during  four  seconds  by 

tbe  action  of  gravity  over  6  i  =  a  c.     Since  ,  - 

the  action  of  the  projectile  force  is  only  mo-      Of 

aieotary,  while  the  effect  of  gravity  ie  eon- 

stently  increasing,  the  body  will  not  deectibe 

the  diagonals  of  the  parallelograms  ae  af    '■ 

ie.,  but  a,  curve,  which  in  mathemat!<.B  is 

lU-lled  a  parabola,  indicated  by  the  dotted 

Bnecc 

re  find  the  p: 
of  a  body  projected  horizontally,  or  oHiquely  dowi 
projectile  will  deacribe  one-half  of  a  paraVola      In 
projectile  is  a  complete  or  partial  f  aratola,  whose  ixis  ie  in  the  dir 
gravity;  and  its  vertical  distance  bekw  the    hne  of  projection  at  a 
moment,  is  always  equal  to  the  space  it  would  have  fallen  fres' 
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Thia  value  of  tbe  hnrizoutal  range 
ah  IS  evidently  the  greatest  for  any 
Talue  of  V,  when  sin  2a  :=  1,  or  a  =: 
45',  and,  for  elevations  equall}  above 
and  below  45°,  the  horizontal  range 
will  be  equally  dimiumhed ,  that  11, 
the  horizontal  ranjce  will  be  the  same 
for  an  elevation  of  40^  as  for  50°,  and 
the  some  for  an  elevation  of  30"  as  for 
6(P      Fig  12  "hnwH  the  f:>'-n  'f  the  cur 


desoribi^  by  projectiles  at 
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angular  elevations  of  0°,  15°,  45°,  60°,  and  90°  (A B,  AC,  AD,  A E, 
AF),  The  dotted  lines  show  the  angles  of  projection,  and  the  araooth 
lines,  with  corresponding  letters,  show  the  paths  described  by  the 
projectiles.  The  effect  upon  the  flight  of  projectiles  produced  bv 
resistance  of  the  air,  wili  be  considered  hereafter. 

104.  The  ballistic  pendulum  is  an  instrument  employed  to  mea- 
sure the  Telocity  of  projectiles.  A  SS 
heavy  mass  of  wood  and  iron,  shown 
at  b,  fig.  53,  is  suspended  at  C,  on  a. 
shaft  three  or  four  yards  in  length 
over  a  graduated  arc  BED,  The 
ball,  fired  in  the  direction  N  N, 
strikes  theballistic  pendulum  at  A, 
and,  penetrating  the  heavy  mass, 
imparts  to  it  a  velocity  which  is 
determined  by  comparison  of  the 
arc  E  D  described  by  the  pendu- 
lum, and  the  time  in  ^hich  the 
whole  mass  is  found  to  vibrate  S  " 
is  supposed  to  be  the  centre  ot 
gravity,  M  the  centre  of  ostiUfttion, 
C  Q  the  arm  of  impact,  and  M  H  the 
perpendicular  height  through  which  the  pendulum  risea  From  these 
data  the  velocity  of  the  ball  at  the  moment  of  impact  can  be  calculated 


Problems. — Falling  Bodies. 

17.  If  a  stone  is  dropped  into  a  well,  and  it  is  seen  to  Btrike  the  water  at 
end  of  3  seoonda,  what  is  the  depth  of  tho  well? 

IS.  A  body  is  projected  upward  witli  a  velocity  which  will  larry  it  to 
height  of  fH  feet  4  inclies;  after  huw  long  a  time  will  it  be  dcBceaaing  n 
half  the  original  velocity  ? 

Ifl.  Find  the  yeloeitj  with  which  a  body  must  be  projected  upwards  from 
foot  of  a  tower,  bo  aB  to  moot  half  way  another  body  let  fall  at  the  same  t 
from  the  top  of  the  tower.  !r~ 

20.  A  balloon  is  oaeending  vertically  with  a  given  velocity,  and  a  body  is 
fall  from  it,  which  reoohes  the  ground  in  i  seconds :  find  the  height  of  the  ball 
St  the  moment  of  the  body  leaving  it. 

21.  A  bodT  ie  observed  to  fall  Che  last  a  feet  of  its  descent  from  rest  i 
aeoonds :  find  the  height  from  which  it  fell. 

22.  A  body  has  falleo  through  the  distance  of  half  a  milo ;  what  was 
distance  desciibcd  in  the  last  seeond? 

23.  A  body  is  projected  upwards  with  a  volt  city  of  84)  feet  in  a  seoond  ;  1 
far  will  it  ascend  before  it  begins  to  return  ? 
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2i.  A  Blone  dropped  from  a  bridge  strikes  the  water  in  2i  aeoonds  ,■  -was 
the  height  of  the  bridge?  Also  if  the  atone  he  j  r  jected  dcwnwarda  wit 
"elooity  of  3  feet  per  second,  in  what  time  wUl  it  «trike  Ihe  water  ? 

2o.  A  alone  thrown  horiiontally  from  the  summit  of  a  high  eliff  is  aeei 
strike  the  ground  at  the  end  of  i  seconds ;  what  ia  the  height  of  the  cliO  ab 
the  point  where  the  atone  falls  ? 

26.  A  body  is  projected  vertically  upwards,  and  the  time  between  its  leaviE 
given  point  and  returning  to  it  again  ia  given ;  find  the  velocity  of  projeei 

27.  From  what  elevation  must  a  body  weighing  600  pounds  fall,  to  st; 


Descent  of  Bodies  on  Inolined  Planes.^ 

28.  Whal  time  will  be  required  for  a  body  (o  descend  an  inclined  plane  whcai 
length  is  200  feel,  and  whose  elevation  is  64i  feet. 

29.  What  velocity  will  he  acquired  by  a  body  dcacending  a  plane  inclined  st 
no  angle  of  30°,  the  perpendicular  height  being  14ii  feet  f 

30.  If  a  railway  train,  with  a  speed  of  30  miles  per  hour,  arrives  at  a 
descending  grade  of  60  feet  to  the  mile,  and  has  no  force  applied  to  cheek  its 
.peed,  what  will  be  its  velocity  afler  running  S  miles  on  the  grade  ? 

31.  If  a  train,  moving  at  the  rate  of  2*  miles  an  hour,  arrives  at  a  grade  of 
60  feet  per  mile,  2  miles  in  length,  and  no  more  steam  is  applied  than  before 
arriving  at  the  grade,  what  will  be  the  velocity  of  the  train  after  ascending  the 

Central  Forces, 


33.  rind  th.  fore 

e  with  which  a  body  weighing  8  lbs.  would  stretch  a  string. 

3  feet  long,  relaini 

ng  it  in  a  circle,  when  the  body  makes  3  revolntiona  pec 

second. 

33.  What  must  be  the  weight  ef  a  body  revolving  7  timca  per  second  in  a 

circle  1(1  feet  in  dii 

imeter,  in  order  that  the  centrifugal  force  of  the  revolving 

body  uiaj  be  equiv 

alent  M  a  weight  of  1000  Iba,  ? 

34.  How  many  ti 

mea  muat  the  revolution  of  the  earth  be  inoreased  to  have 

the  weight  of  bodie 

IE  at  the  equator  diminished  one-half,  calling  the  radius  of 

the  earth  4000  mile 

s? 

35.  What  must  1 

16  the  number  of  revolntiona  per  second  of  a  body  weighing 

IT  lbs.,  revolving  li 

1  a  circle  whose  radius  ia  5  feet,  that  ita  centrifugal  force  may 

be  the  aame  as  that 

,  of  a  body  weighing  25  lbs.,  revolving  9  timea  per  second  in 

a  circle  whose  radii 

IS  is  3  feet? 

Pendulum  and  Gravity, 

30.  What  is  the  I 

lime  ef  vibration  at  Paris  of  a  simple  pendulum  whose  length 

it  3  metres? 

37.  What  is  the 

force  of  gravity  in  a  deep  mine  where   the  length   if  Ih 

leconda  pendulum 

is  found  to  be  38  inches  ? 

38.  What  is  the 

time  of  vibration  ef  a  ample  pendulum  30  inches  in  length. 

where  the  occeleral 

ling  force  of  gravity  ia  32  feet  per  second? 

39.  What  ia  the 

time  of  vibralion  of  a  simple  pendulum  at  Paris,  the  length 

of  the  pendulum  bi 

?ing  one  metre,  and  the  amplitude  of  vibration  being  a  =  B'  I 

•  In  these  prob 

lema  the  retarding  force  of  friction  is  not  to  bo  considered. 
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(0.  What  is  the  accelerating  force  of  gravity  at  Kew  York?  at  Boston?  at 
New  Orloana  ?  at  Cape  Hotn  ?  at  Stockholm  ? 

41.  If  the  force  of  gravitj  at  the  earth's  surface  be  regarded  aa  unity,  what 
will  he  the  force  of  gravity  at  a  distance  belon  the  surface  equal  to  oae-teath 
pact  of  the  earth's  radius? 

Flight  of  Projectiles,* 

42.  What  distauce  will  a  ball  be  thrown  on  a  hortsontal  plane,  if  it  is  fired 
from  a  cannon  with  a  velocity  ?0<l  feet  per  acooad  at  au  angular  elcva  tioo  of  33"  7 

13.  What  is  the  greiLtest  distance  to  which  a  ball  can  be  thrown  on  a  hori- 
lontal  plane,  if  it  leaves  the  mouth  of  the  cannon  with  a  velocity  of  IflOO  feet 
Der  Be:ond  7 

44.  If  a  ball  leaves  the  cannon  at  an  elevation  of  30°,  with  a  velocity  of  8O0 
feet  per  second,  in  what  time  will  it  strike  the  horisoatal  plane  ? 

city  of  BOO  feet  per  aooond,  it  luay  strike  a  horiiontal  plane  at  a  distance  of  two 

■f  35°, 


CHAPTER  IV. 

THEORY    OF    MACniHERY. 
J  1.  Machines. 
105.  Principle  of  virtaal  velocities  — It  w^s  shown  in  J  46,  that 
Mhen   a   body,   having   a   fixed  &4 

point  of  support,  h  acted  on  by      ^  „^''~^"^ 

two  parallel  forces  in   the  same  "  \ 

direction,  the  fiiroea  wil!  If  in  '"' "c" 1' 

equilibrium,  if  they  ^re  h>  each     y  """~^.-^  / 

other  ioyeraely  as  their  distances  '"~~~Jh 

from  the  supporting  point      Thua  in  fig  54  if  an  inflexible  rod,  sup- 
ported at  C,  ia  acted  on  by  two  forces,  W  and  P,  auoh  that 

W:P-=CP:  CW, 
then  they  will  be  in  equilibrium.     But  as  in  every  proportion  the  pro- 
duct of  the  first  and  last  tei-ms  is  equal  to  the  product  of  the  second 
and  third ;  ao  instead  of  saying  that  the  forces  are  inversely  as  their 
distances,  the  same  thing  is  osproased  by  W  X  C  W  —  P  x  C  P.   The 

•  In  Ihese  pniblems  no  account  is  supported  to  be  taken  of  the  resistancs  of 
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principle  may  be  otherwise  illustrated  thas ; — Let  the  bar  W  P  be  made 
to  oscillate  gently  about  the  point  of  support  C.  It  is  plain  that  the 
spaces  described  by  the  ends  of  the  bar  will  be  proportional  to  their 
distances  from  the  aiia;  for  the  angles  at  the  aiis  being  equal,  the 
Bros  a/ and  bh  are  directly  proportional  to  their  Tadii  CW  and  CP. 
Hence 

That  U,  two  forces  are  in  equilibrium  when  they  ire  to  each  other 
inversely  as  the  spaoas  which  they  describe.  The  area  being  described 
in  the  same  time,  represent  the  velocities,  and  the  principle  is  usually 
thus  stated :  forces  in  equilibrium  mvsi  be  to  each  other  innerselp  as  their 
velocities.  The  products,  therefore,  of  the  forces  multiplied  by  their 
respective  velocities,  are  equal: 

WX«/=PX6A. 
These  products  are  called  the  moments  of  the  forces,  and  when  these 
momenta  are  equal  the  forces  are  in  equilibrium.  If  the  movement  is 
doubled,  halved,  or  raised  in  any  proportion,  the  etEcacy  of  the  force  is 
similarly  varied.  Any  arrangement  by  which  two  forces  are  brought 
into  this  relation-  to  each  other,  constitutes  a  machine. 

106.  Mae&ine,  Power,  ■Weight. — In  extension  of  the  statement 
last  made,  a  machine  is  any  arrangement  of  parts  in  an  apparatus,  by 
wliieh  force  may  be  transmitted  from  one  point  to  another,  usually  with 
some  modification  of  its  intensity  or  direction,  and  with  reference  to  the 
performance  of  mechanical  work. 

The  moving  force  in  a  ni^ichine  is  called  (he  power;  the  place  where 
it  is  applied  is  the  point  of  application ;  and  the  line  in  which  this  point 
tends  to  move  is  the  direction  of  thepoxcer.  The  resistance  to  be  over- 
come is  called  tht  weight,  and  the  part  of  the  machine  immediately 
applied  to  the  resistance  is  the  working  point. 

The  moving  powers  and  the  resistances  in  mechanics  are  both 
extremely  various ;  but  of  whatever  kind  they  may  be,  (hey  can 
always  be  expressed  by  equivalent  weights,  i.  e.,  such  as  being  applied 
to  the  machine  would  produce  the  same  effects. 

107.  Zquilibrinm  of  macbiiies. — When  the  power  and  weight  are 
equal,  the  machine  is  in  equilibrium,  and  it  may  be  at  rest,  or,  as  ia 
usually  the  case,  in  a  state  of  uniform  motion.  If  a  machine  in  this 
cose  is  put  into  uniform  motion,  it  must,  by  force  of  inertia,  continue 
to  move  indefinitely ;  for  the  power  and  weight  being  equal,  neither  of 
these  forces  can  atop  or  modify  the  motion,  without  some  extraneous 
force,  which  is  contrary  to  the  supposition. 

Thus,  if  an  engine  draws  n  rnilwnj  triin  with  unLform  velocity,  tlie  power 
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of  the  ongine  ia  in  equilibrium  with  the  resistance  of  the  train.  At  starting 
the  power  is  greater  than  the  tesiHlance,  and  the  motion  of  the  train  is  conae 
quently  accelerated,  until  the  rcaiatance  becomes  equal  to  the  power,  nhen 
equilibrium  is  again  established.  It  any  part  of  the  power  ia  now  withdrawn, 
the  power  becomes  less  than  the  resistance,  and  Che  motion  ia  consequently 
retarded  until  the  train  is  brought  to  rest. 

The  mechanical  energy,  or  moving  force  of  the  power,  is  found  by 
maltiplying  its  equivalent  weight  by  the  space  through  which  it  niOTCB, 
or  its  Telocity;  and  the  value  of  the  resistance  Is  estimated  in  the  same 
manner.  Aa  we  have  juet  seen,  the  relation  between  these  moments 
determines  the  state  of  the  machine. 

108.  Utility  of  macliines. — It  is  sometimes  said,  in  illustration  of 
the  usefulness  of  machines,  that  a  great  weight  may  be  supported  or 
raised  by  an  insignificant  power ;  but  such  statements,  if  literally 
nnderslwod,  are  obviously  untrue.  No  machine,  however  ingenions  its 
construction,  can  create  any  force,  and  therefore  the  working  point  can 
exert  no  more  force  than  is  transmitted  to  it  from  the  source  of  power. 
Every  machine  has  certain  fiied  points,  which  are  arranged  to  support 
any  required  part  of  the  weight,  while  the  remainder  of  the  weight, 
and  that  part  only,  is  directly  sustained  by  the  power.  This  remainder 
cannot  be  greater  than  the  power. 

109.  Relation  of  po-wer  to  ^reiglit. — But  if  the  weight  is  not  only 
supported,  but  raised  through  a  given  space,  then  the  power  must  move 
through  a  space  as  much  greater  than  the  weight  moves  through,  as  the 
weight  itself  is  greater  than  the  power ;  io  other  words,  the  power  and 
weight  must  be  inversely  as  their  velocities.  This  inverse  proportion 
ia  expressed  when  it  is  said,  that  power  is  always  gained  at  the  expense 
of  time. 

To  raise  1000  Iba.  to  t,  height  of  one  foot  by  a  single  effort,  would  require  a 
force  equivalent  to  1000  lbs.;  but  tho  aamo  thing  may  be  acoompliahed  by  a 
power  of  I  lb.  acting  for  lOOO  times  successively,  through  a  apace  of  one  foot. 
If  a  man  by  exerting  his  ontiro  atrength  conld  lift  200  Iha.  to  a  certain  height, 
in  one  minute,  no  machine  whatever  can  enable  him  to  lift  3000  lbs.  to  the  aama 
height  in  the  same  time.  He  may  divide  tho  weight  into  ten  partj,  and  11(1  each 
part  aeparntely;  or  by  the  intervention  of  a,  machine  lie  may  raiae  the  whole 

On  the  other  hand,  it  is  oftfin  the  object  of  a  machine  to  move  a  small 
resistance  by  a  great  power. 

Id  a  watch,  the  moviag  force  of  the  mainspring  is  very  much  greater  tlian 

each  full  stroke  of  the  piaton  movea  the  train  through  a  space  eqnal  to  tho 
circumference  of  the  driving  wheel ;  if  the  length  of  stroke  is  cue  foot,  and  the 
circumference  of  the  wheel  13  feet,  then  the  velocity  of  the  piston  will  be  to  the 
velocity  of  the  li^un,  aa  3  M  IS;  ooDsequentl;  the  power  acting  on  the  piston  is 
(reatnr  than  the  resistance  cf  the  train,  in  the  prcpcrUon  of  12  to  2. 
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lift.  Adaptation  of  the  power  to  the  weight  in  macbinerr- — 

The  use  of  machines  ib  to  adapt  the  power  to  the  weight.  If  the  iuten- 
wity,  direction,  and  velocity  of  tlie  power,  were  the  same  as  the  inlensitj 
and  direction  of  the  resistance,  and  the  Telocity  tequired  to  he  given  to 
it,  then  the  power  might  be  directly  applied  t«  the  resistance,  without 
the  intervention  of  a  machine.  But  if  a  small  power  is  required  to 
move  a  great  resistance ;  or,  if  a  power  acting  in  one  direetion,  ia 
required  to  impart  motion  in  another;  or,  to  impart  a  velocity  greater 
or  less  than  ita  own,  then  it  is  necessary  to  employ  a  machine  whielt 
will  modify  the  effect  of  the  power  in  the  required  manner.  Besidea 
these,  the  motion  of  the  power  may  differ  from  the  motion  required  in 
the  resistance  in  a  great  variety  of  ways. 

TiiB  power  may  have  a  leciprooaling  motion,  as  in  tha  locomotive  engino,  and 
be  required  to  produce  a  contlniioiis  motion  in  a  Blraight  line,  aa  in  moving  a 
tr»in  Qpon  a  railwaj.  Or,  the  power  maj  bave  a  rectilinear  motion,  ss  ft  stream, 
and  be  employed  to  produeo  tha  circular  motwn  of  the  atones  in  a  grist-mill,  or 

In  every  clasa  of  machines,  the  relations  existing  between  the  power 
and  the  resistance,  depend  solely  on  the  construction  of  the  machine; 
hut  even  a  general  account  of  the  ingenious  contrivances  by  which  the 
moving  force  is  regulated,  modified,  and  adapted  to  the  varying  condi- 
tions and  requirements  of  the  resistance,  would  lead  us  far  beyond  the 
limits  and  design  of  this  work. 

111.  Via  viva,  or  liTiug  force,  is  the  power  of  a  moving  body  to 
overcome  resistance,  or  the  measure  of  worlc  which  can  be  performed 
before  the  body  ia  brought  to  a  state  of  rest.  The  via  viva  of  a 
body  ia  represented  by  MV,  or  the  mass  of  the  body  multiplied  by  the 
square  of  its  velocity. 

When  a  body  is  projected  vertically  upwards,  the  height  to  which  it 
will  ascend  ia  proportional  to  the  square  of  its  velocity.  If  Wrepresent 
the  weight  of  the  body,  and  k  the  height  to  which  it  is  elevated  by  a 
given  impulse,  the  amount  of  work  performed  will  be  represented  by 

yi 
Wh,  but  W=^  Mg  and  h  =  ;r-,  substituting  these  values  of  JTand  h, 

i-g 
we  have  the  work  performed  ^  J  Jlf  P.     Hence  the  work  which  can  be 
performed  by  the  accumulated  power  of  a  moving  body  ia  equal  to  one- 
half  the  mass  multiplied  hy  the  square  of  the  velocity. 

Take  the  case  of  a  pile-driver,  in  which  a  heavy  masa  of  iron  is  ele- 
vated to  a  height  of  30  or  40  feet,  and  is  then  suddenly  allowed  to  fall; 
the  resistance  overcome  in  raising  the  driver  is  exactly  proportional  to 
the  elevation  to  which  it  is  raised,  and  the  accumulated  power  of  the 
stroke  incieases  in  the  same  ratio ;  hence  it  is  evident  that  the  vis 
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viva,  or  power  of  oYercomiog  resistance,  must  be  truly  represented  by 

Mr'. 

Agiun.in  the  case  of  a  railway  train  moving  with  a  velocity  V,  the  great- 
est velocity  attainable  by  a  given  power  of  steam  ;  let  v  be  the  accelera- 
tion of  velocity  imparted  to  ibe  train  by  the  locomotive  during  the  first 
aecond  of  its  action,  and  M  the  mass  of  the  moving  train,  including  the 
locomotive.  If  the  movement  of  the  train  were  not  retarded  by  friction, 
or  some  other  oppoeing  force,  we  should  have  V  =  vf,  or  the  velocity,  V, 
would  go  on  constantly  increasing;  but  such  we  know  is  not  the  case, 
for  the  train  soon  attains  a  mnsimuDi  velocity,  when  the  entice  force 
of  the  locomotive  is  every  instant  expended  in  overcoming  friction,  and 
the  train  movea  on  with  a  momentum  expressed  by  MV,  but  its  vis  viva 
is  espressed  by  JlfF'.  If  the  force  of  steam  were  suddenly  discon- 
tinued, the  power  of  the  moving  train  to  ascend  a  grade,  to  overcome 
any  obstacle,  or  to  deal  deatruction  to  itself,  or  to  any  object  with 
which  it  comes  in  collision,  would  still  be  proportional  to  vis  viva  or 
MV.  Now  suppose  the  velocity  of  the  train  to  be  doubled,  so  that 
p"  ^  2F.  It  is  evident  that  in  any  given  interval  of  time  the  train 
will  pass  over  twice  as  many  points  of  resistance  as  before,  and  as  it 
passes  each  point  at  twice  the  previous  velocity,  it  will  encounter  at 
every  point  twice  as  much  resistance  to  motion  as  before.  Hence  to 
impart  to  the  train  a  double  velocity,  a  fourfold  force  is  required ;  and 
the  power  of  the  train  to  overcome  resistance  will  be  proportional  to 
its  vis  viva,  MV".  This  will  be  the  true  measure  of  the  force  which 
has  imparted  the  velocity  V,  and  which  is  now  constantly  expended 
in  overcoming  the  resistance  encountered  by  the  moving  train.  The 
same  principles  determine  the  power  expended,  or  work  actually  per- 
formed (resistance  included),  by  any  kind  of  machinery. 

It  may  be  necessary  to  eiplain  more  fully  the  distinction  between 
momentum  and  vis  viva,  ao  that  it  may  be  readily  understood  when  the 
one  or  the  other  is  to  be  taken  as  the  measure  of  force. 

Momentum,  MV,  expresses  the  relation  of  force  to  inertia,  or  the 
amount  of  motion  in  a  moving  body.  Vis  viva,  Mf",  is  the  measure 
of  twice  the  amount  of  work  which  a  moving  body  can  perform  before 
it  is  brought  to  rest.  Vis  viva  is  the  measure  of  force  required  to 
mwntain  a  constant  motion,  MV,  against  the  resistance  caused  by  the 
positive  properties  of  bodies,  as  attraction,  cohesion,  repulsion.  Momen- 
tum is  the  measure  of  the  force  required,  without  regard  to  time,  to  set 
a  body  in  motion  with  a  velocity  V,  when  no  other  body  interferes  with 
its  motion,  as  in  the  case  of  a  body  falling  freely  in  a  vacuum.  In  the 
case  of  the  railway  trwn,  the  mass  of  the  train  multiplied  by  its  velo- 
oitj  is  the  measure  of  vseful  work  performed  in  a  unit  of  time,  but  it 
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is  not  the  measure  of  resistanue  overcome,  or  actual  work  performed, 
or  of  the  force  whioli  haa  been  espeoded  in  performing  that  work.  The 
latter  is  meaaurod  by  one-half  the  vis  tiva,  or  J  MY'. 
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112.  Impact  and  its  results. — When  a  body  in  motion  eocuuntera 
another,  the  velocity  and  momeotum  of  both  undergo  certain  changes, 
which  depend  on  Uie  elasticity  of  the  h)dieo  ind  rlher  j  hjsi  al  oircum- 

Impaot  considered  vtxth  reference  to  momentum  — a — When 
a  body  in  motion  strikes  another  at  rest  it  can  continue  to  move 
only  by  pushing  this  body  bef  re  it  and  it  must  impirt  so  much 
momentum  that,  after  impax.t  bcth  ma>  mo\e  with  a  uommon  velo- 
city. If  the  maasea  of  the  two  bodies  are  equal,  it  is  evident  that, 
after  impact,  the  momentum  will  be  equally  divided  between  them,  and 
their  velocity  will  be  one-half  of  the  velocity  of  the  moving  body 
before  collision.  If  the  mass  at  rest  is  double  the  mass  in  motion,  the 
common  velocity  will  be  one-third  ;  and  generally,  when  a  moving  body 
communicates  motion  to  a  body  at  rest,  the  velocity  of  the  two  united 
will  be  to  that  of  the  moving  body  as  the  mass  of  the  latter  is  to  the 
sum  of  the  masses  of  both. 

If  a  musket  ball,  whose  weight  is  ^  lb.,  and  its  velocity  1300  feet  a  second, 
etrikes  a  suspended  cannon  ball  weighing  4S  lbs.,  it  will  put  it  in  motion,  and 
their  common  velocity  will  be  to  that  of  the  bullet  aa  ^^  is  to  48  -[-  ^^,  or  as  i 
l«f)961;  the  velocity  of  the  two  is  thcTcfore  y^j".  or  about  li  feet  a  second. 

6 — Bodies  moving  in  the  same  direction  may  impinge,  if  their  velo- 
cities are  different.  If  an  inelastic  body  overlalies  another,  the  first 
win  accelerate  the  second,  and  the  second  will  retard  the  first,  until 
they  haTT  acquired  a  common  velocity,  when  they  will  move  on  togeth" 
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Since  the  bodies  move  in  the  same  direction,  there  can  be  no  increase 
or  diminution  of  the  total  momentum  bj  impact,  but  only  a  re-diatri- 
bution.  If  they  are  equal  in  mass,  their  velocity,  after  impact,  will  Ik 
half  the  sum  of  their  previous  veloeitJea. 

If  before  impact,  A  had  a  velocity  of  6,  and  S  a  VBlocity  of  *,  then  theii 
eommon  velocity  will  lie  i. 

The  two  bodies  may  have  unequal  masses  as  well  aa  velocities. 

If  the  mass  of  A  ia  8,  and  its  velocity  IT,  its  momcDlnm  will  be  136.  If  B 
has  a.  masa  of  6,  and  velocity  of  10,  its  momentum  will  be  60.  The  Bum  196 
ia  the  total  momentum  of  the  united  masaea  after  impact;  and  this  aum 
divided  by  the  sum  of  tbe  massca  gives  14,  the  common  velocity. 

c — If  two  equal  bodies,  moving  with  equal  velocities  in  opposite 
direcljons,  impinge  on  each  other,  their  momenta  being  equal,  will  be 
mutually  destroyed,  and  the  bodies  will  remain  at  rest.  The  force  of 
the  shock,  in  this  case,  is  equal  to  that  which  either  would  sustain,  if, 
while  at  rest,  it  were  struck  by  the  other  with  a  double  velocity.  If 
the  moments  of  the  bodies  are  unequal,  then  after  impact  they  will 
move  together  in  the  direction  of  the  greater,  and  theirj  int  momentum 
will  be  equal  to  the  difference  of  their  previous  moment"  and  their 
Telocity  will  be  found  by  dividing  that  difference  by  the  sum  of  the 

d — These  laws  may  be  shown  eiperi mentally  by  bu")]  ending  two  balls 
at  the  centre  of  a  graduated  arc,  and  producu  g  jmpct  according  to 
the  conditions  described. 

If  two  bodies  moving  in  different  lines  impinge  on  each  other,  then, 
after  contact,  they  will  move  together  in  the  diagonal  of  that  parallelo- 
gram whose  sides  represent  their  previous  moments  and  directions. 

Prom  these  prin  iples  it  follows  that  if  two  inelastic  bodies,  Jf  and  JF,  moving 

MV  +  NV 
velocity  after   impact   wdl   be   eipreaaod   by  the  formula   F"  3=  — — -7-. 

When  the  bod  e"  move  in  opposite  d  rection"  the  velocity  of  the  body  having 
resultant  velocity  will  be  in  the  direot  oa  oS  the  body  which  previuHslj  had  the 

Impact  considered  with  reference  to  vis  viva. — When  a  body 
in  motion  strikes  another  body  at  rest,  which  is  free  to  move,  the  two 


pact  will  be  expressed  by  (3f  +  N)   F""  =   ,,      ■^"     Suppose  the 
second  body  .W  to  be  a  certain  number  of  times,  (represented  by  a,] 
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greater  than  the  Erst  bodj  M,  then  N=^aM.     The  tis  viva  of  the  com- 

"  M+N~  M{1  +  a)~l  +  a 
Hence  1 — 

When  a  moving  body  strikes  a  bodt)  at  rest,  and  the  two  move  on  together, 
the  vis  viea  of  ike  combined  mass  is  as  many  limes  less  than  the  t>w  eiea 
of  (hefxst  body  before  impact  as  the  combined  mass  is  greater  than  tJie 
first. 

This  principle  ehows  hoir  a  man  mttj  reDeive  the  moat  Tiolcnt  etroke*  of  ■ 
sledge-hajnmer,  opon  an  anvil  iaid  upon  his  chest,  without  the  slightest  injurj, 
when,  if  only  a  light  board  wore  interposed  between  bis  person  and  the  descend- 
ing hammer,  the  stroke  would  ba  instantly  fatal  to  life.  The  interposition  ot 
kny  heavy  body  waj-ds  off  the  force  of  a  blow  on  the  same  principles. 

FresBure  produced  by  impact. — Beaufoy  determined  tbat  a  body 
of  1  !b.  weight,  with  a  velocity  of  1  foot  in  a  second,  strikes  with  a.  pres- 
sure equal  to  05003  lb.  To  fiod  the  pressure  produced  bj  tlie  impact 
of  any  projectile,  we  have  the  general  formula. 
Pressure  =  0-5003  Jtn^. 
If  the  body  descends  vertically,  the  weight  of  the  body  itself  must  of 
course  be  added  to  the  direct  effects  of  impact, 

Destiactive  efiecta  of  impaot. — The  motion  communicated  to  very 
large  or  immovable  bodies,  by  an  impact  of  small  ones,  is  not  lost, 
but  becomes  insensible  from  its  enormous  diffusion.  Motion  can  ba 
destroyed  only  by  motion ;  friction  and  resistance  disperse,  but  do  not 
destroy  it.  An  impact  can  act  directly  upon  only  a  few  of  the  mole- 
cules of  the  body  to  which  it  hnparts  motion. 

The  power  which  projects  a  bullet  acta  on  only  one-half  its  surface. 

The  motion  must,  therefore,  be  diffused  from  the  parts  struck  to  all 
the  other  parts  of  the  body,  before  it  can  begin  to  move ;  and  this  dif- 
fusion requires  time,  which  may  be  short  indeed,  but  is  not  infinitely 
BO.  It  happens,  therefore,  that  a  movable  body,  if  struck  by  another 
moving  with  great  velocity,  may  be  penetrated  or  broken  at  the  point 
of  impact,  without  being  itself  put  in  motion.  The  part  of  the  body 
which  receives  the  blow  is  set  in  motion  with  such  velocity  tbat  its  par- 
ticles are  rent  asunder  before  motion  can  he  communicated  to  the  mass 
of  the  body.  Such  effects  appear  incredible  to  persons  unacquainted 
with  the  inertia  of  matter  and  its  consequences. 

A  riSe  ball  may  ba  firad  through  a  pane  of  glass  suspended  by  a  thread, 
irithout  shattering  the  glass,  or  even  causing  it  to  vibrate.  A  door  half  open 
may  he  perforated  hy  a  «annon  hall  without  being  shut  by  it.  A  soft  missile, 
like  tallow,  or  a.  tight  one,  like  a  feather,  will  act  with  the  force  of  lead,  if  auffi- 
ciant  velocity  is  given  to  it.     Firing  a  tallow  candle  through  a  board  is  a  well- 
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nan  ball,  sbot  at  oi 


S  2.  Mechanical  Powers. 


113.  The  lever. — A  lever  is  any  ioflesible  rod,  fig,  55,  resting  on  a 
point,  F,  called  tlis  fulcrum,  and  around  which  any  two  forces  tend  to 
(um  it.  Levers  may  be  either  straight,  or  bent;  simple,  or  compound. 
It  is  usual  to  divide  levers  into  three  classes,  according  to  the  position 
of  the  fulcrum  in  relation  to  the  power  and  wciglit. 

55  66 


6 


Fig.  55  is  a  lever  of  the  first  class,  where  the  fulcrum  is  between  the 

power  and  the  weight.     In  the  second  clas 

tweon  the  fulcrum  and  the  power.     In 

the   third  clans,   fig.   57,   the   power   i 

applied  between   the  fulcrum   and   the  * 

weight. 

The  arms  of  a.  lever  are  the  lines  o 
each  side  of  the  fulcrum  at  right  angle 
to  the  direction  of  the  power  and  weigh 
In  the  three  figures  luot  given    the  levers  being  horizontal  and  the 
forces  vertical   the  arms  of  the  lever  68 

are  evidently   lo  each  ctse  the  por  g 

tiona   into  whiih  it   is   divided      If  ,.•''  \ 

however    the  lever  js  bent  or  is  in  ,,•''' 

olined  t<    the  direction   of  either  or  V^-'''  '■  . 

both  of  the  f  rces  then  the  arm? 
the  perpendiculars  between  the 
crum  and  directiins  of  the  firces  ( 
Thus  in  bg  58  the  power  acting  ii 
the  direi-tinn  B  P  the  moment  of  the  power  is  not  expressei  by 
P  X  A  F  hut  by  P  ^  B  F  The  distance  from  the  fulcrum  is  called 
the  lecerage. 
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114.  Conditions  of  equilibrium  in  the  lever.— These  conditions 
ere:  Ist,  The  lines  of  direction  of  the  two  forces  must  be  in  the  same 
plane  with  the  fulcrum;  2d,  The  two  forces  must  tend  to  turn  the  lever 
in  opposite  directions;  3d,  Whatever  maj  he  the  class  of  the  lever  the 
wtight  and  power  will  be  in  equilibrium  when  they  ore  inversely  aa 
their  distances  froni  the  fulcrum.  Thus  in  either  of  the  three  hgurea 
above 

P:W  =  FW:rP    or     PXFP  =  WXFW. 
Consequently  the  momeut  of  the  power,  or  its  tendency  tn  turn   tha 
lever  will  be  augmented,  either  hy  increasing  the  power  itself  or  its 
distance  from  the  fulcrum. 

The  pressure  on  the  fulcrum,  when  the  power  and  weight  are  in 
etjuilibrium,  is  found  by  applying  the  principle  of  the  composition  of 
forces  (46).  In  a  lever  of  the  first  class,  the  resultant  of  the  power 
and  weight  is  a  single  force,  equal  to  their  sum,  and  passing  through 
the  fulcrum  ;  consequently,  the  pressure  will  he  equal  to  the  sum  of  the 
power  and  weight.  In  a  lever  of  the  second  or  third  class  the  resultant 
is  equal  to  the  difference  of  the  power  and  the  weight. 

Compound  levers. — When  a  small  force  is  required  to  sustain  a 
considerable  weight,  and  it  is  not  convenient  to  use  a  very  long  lever,  a 
combination  of  levers,  or  a  compound  lever  is  employed.  When  such 
a  system  is  in  equilibrium,  the  power,  multiplied  by  the  continued  pro- 
duct of  the  alternate  arms  of  the  levers,  commencing  from  the  power, 
is  equal  to  the  weight  multiplied  by  the  continued  product  of  the  alter- 
nate arms,  commencing  from  the  weight.  For  example,  the  system 
represented  in  fig.  59,  consisting  of  three  levers  of  the  first  class,  will  be 


© 


m  equilibrium  when 

PXAFXBF'XCF"  =  WXDF"XCF'XBF. 
If  the  long  arms  are  6,  4,  and  5  feet,  and  each  of  the  short  onns  1  foot, 
then  1  tb.  at  A  will  sustain  120  lbs.  at  D ;  but  if  a  simple  lever  had 
been  used,  the  long  arm  being  increased  simply  by  adding  these  quanti< 
ties,  we  should  have  gained  a  power  of  only  6-|-4  +  5  =  15  tol. 

115.  Application  of  tlie  lever. — Machines  and  utensiU  in  daUy 
Dse  offer  us  familiar  examples  of  the  three  classes  of  levers. 
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Of  the  JiTsi  class  we  name  the  crowbar  and  poker,  when  used  tc 
the  load  on  their  poiots.    Scis-  6n 

Bora,  sDuETers,  and  pincers 
pairs   of  levers  of  this  class,   ' 
the  point  C,  fig.  60,  which  c( 
necta  them  heing  the  fulcrum. 
The  powor  is  applied  at  the 
handles,  and  the  resistance  is  theohject  between  the  blades. 

Anotliar  eiauple  of  the  bent  lever  is  seen  in  tho  ordinary  track,  fig.  61,  usaj 
for  moving  heavy  goods  a.  abort  distsnoo.  la  this  maahide,  tlie  axis  of  the 
wheelB,  F,  is  tho  fulemm,  against  wbloh  the  fool  is  plooad,  while  the  weight  at  B 


lieed  off  the  ground  by 


The  seals  beam,  or  balance,  is  one  of  the  most  useful  applications  of 
the  first  class  of  levers.  The  beam  is  a  lever  poised  nt  its  centre  on  a 
knife-edge  of  steel,  a,  fig.  62.  From  its  ends  A  B  are  suspended  the 
scale  pans  C  B.  The  centre  of  gravity,  m,  is  placed  below  the  fulcrum, 
a,  to  secure  a  horizontal  position  of  the  beam  when  in  etjutlibrium.  If 
it  coincided  with  the  fulcrum  the  balance  would  rest  equally  well  in  all 
positions,  and  if  it  were  above  the  fulcrum  the  beam  would  be  upset  bj 
a  slight  disturbance. 

The  eteelyaid  is  a  lever  of  the  6S 

hrst  class,  with  unequal  a 

mass,  Q,  to  be  weighed,  is  attached  ^^^S3K"«BUB^^HBMn^ 

to  the  short  arm.  A,  fig.  63,  and  it  ^  fflG 

mterpoised    by    i 


weight,  G,  shifted  upon  the  longer 
arm,  marked  with  notches  to  indi-  j 
cate  pounds  and  ounces,  until  equi- 
librium is  obtained.  It  is  evident 
that  a  pound  weight  at  G  will 
balance  as  many  pounds  at  Q  as  the  distance  G  C  is  greater  than  A  C. 
10* 
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Lmxrs  of  ike  serond  class  occu 
crackers,  with  the  fulcrum  at  the 
joint  G.  fig.  64,  ia  a  douhle  lever 
of  this  class.  An  oar  is  another 
example ;  tlie  water  is  the  ful- 
crum, the  boat  h  the  weight,  and 
the  hand  the  power.  A  door  movii 
arc  other  examples  of  levers  of  the  second  class. 

In  lever!  of  the  third  elasi,  the  power  being 
always  greater  than  the  weight.  On  aocoiiut 
of  this  mechanical  disadvantage,  it  is  used 
only  when  considerable  velocity  is  required, 
or  the  resistance  is  small.  Fig.  65  represi^nts 
such  a  lever,  W  F,  moving  on  a  hinge  as  a  ful- 
crum ;  it  is  plain  that  the  po^ 
through  a  small  arc,  and  the  weight  through  a 
large  one,  and  since  chey  are  described  in  the 
same  time,  the  velocity  of  the  power  is  less 
than  that  of  the  weight, 

ongs,  (ugar-tongB,  and  eheep-ehi 


less  frequently.     A  pair  of  nut- 


hinges,  and  a  wheelbarrow. 


this 


Thei 


Thecc 


Buch  lerera.  The  socket  of  the 
bone,  a,  fig.  66,  is  the  fulcrum  i 
ft  alTODg  muscle,  b  t,  attached 
near  the  socket  is  the  power, 
aud  the  weight  of  the  limb  and 
whatever  resistance  re  may  op- 
pose to  motion,  is  the  weight. 
The  fore  ana  and  hand  are 
raised  throagb  ft  space  of  one 
fool,  hj  the  contraction  of  » 
munLle  applied  near  tlie  elbow, 
moving  through  leas  than  J^  I 
the  force  with  which  Che 
version  of  the  system  of 

spaces  with  great  force,  by  nauling  m  o  great  i 
but  tbe  limbs  are  moved  through  great  spaces 

iscles  IliTough  small  spaces  witb 

a  Fa   banks'  and  others.     However  v: 
a  1  depend  upon  the  principles  already  explained. 


ing  a  ship.     Tlie  yar 


by  tiiu  contra. 

Ilsamples  of  compound  IsTcra  a: 


ous  platform 
1  form,  they 
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riag  heavy  loads  apoa  il^  aid  Is 
.hont  touching  the  if!i]]b  of  the  ] 
B  F,  C  F,  iind  D  F,  all 


The  platfoTin  resta 
erging  toward  tho  centre  F, 
rely  fijied  in  each  cornor  of 


The  four  loYora  aio  8U 
ported  at  tlie  point  F,  u 
der  the  centre  of  the  pli 
form,byalongleyer,  G 


I  attached  to  tte  shorter 
I  of  the  Bteeljaid,  and 
connterpoised  by  the 
ght   P,   which,   by   its 


loDgei 


(eight 


)   load   placed   npon 
tho  platform. 

Aa  tho  four  levers  A,  B,  C,  D,  are  perfectly  equal  and  similar,  and  al!  act 
upon  the  same  fulcrum  F,  the  effect  of  the  weight  placed  upon  any  part  of  the 
platform  is  the  same  as  if  it  wore  concentrated  at  either  of  the  points  a,  b,  c,  d. 

In  order  therefore  to  ascertain  the  conditions  of  equilibriam,  we  need  onlj 
consider  one  of  these  levers,  as  A  F.  Suppose  the  distance  from  A  to  F  to  be 
10  times  as  great  as  from  A  to  «,  a  force  of  1  lb.  at  F  would  balance  10  lbs.  at  a, 
or  on  any  part  of  the  platform.  So,  also,  if  the  distance  front  B  to  G  be  10 
times  greater  than  the  distance  from  the  fnlcrum  E  to  F,  a  force  of  1  lb.,  ap- 
plied BO  as  to  raise  up  the  end  of  the  lever  G,  would  counterpoise  a  weight  of 
10  lbs.  on  F,  therefore,  I  lb.  tending  to  raise  G,  would  balance  100  lbs.  on  the 
platform.  If  the  poise,  P,  is  placed  6  times  as  far  from  the  fulcrum  of  the  steel- 
yard as  the  attachment  of  the  rod  connected  with  G,  then  2  lbs.  at  P  will  balance 
10  lbs.  at  a,  or  100  lbs.  at  F,  or  1000  lbs.  on  the  platform.  If  the  weight  of  P 
and  the  graduation  of  the  steelyard  are  arranged  on  these  principles,  the  weight 
of  the  heaviest  loads  on  the  platform  may  be  determined  with  great  facility. 

Weigh-locks  on  canals,  and  many  other  applications  of  the  compound  lever, 
arc  arranged  oa  the  same  principles. 

Roberval's  countet  platform  balance. — The  esterior  appearanoo 
of  this  balaDoe  is  shown  in  fig.  68,  and  its  interior  arrangement  in 
fig.  69.  The  equiiihrium  of  this  system  f  levers  is,  like  that  of  fig.  67, 
independent  of  the  position  of  the  load  on  the  pans,  and  the  mechanism 
is  such  that  the  pans  move  on  a  vertical  stem  with  no  deflection  from  a 
horizontal  plane. 

ipportcd  by  a  system  of  three  levers,  A  B,  C  D,  K  F,  f 


The  I 


laily  81 
j>  the  end  of  the  beam  B 


I  ends 
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hori!on(»l  in  everj  poailion  of  the  bi-ftm  A  B  Since  (be  leror  D  C  preaerrea  i 
horiiontid  po'iitioQ,  the  otem  a  suppordng  ths  pan  P  m  ves  vertically,  wha 
ever  mnj  be  tha  poaitiun  of  the  load  oa  tbo  paD      The    ndicc"  n  m  are  in  the 


D  tbe  ] 


This 


lever  is  chiefly  employed 


ftom  the  iDTentor,  Mr.  Roberval  of  Pai 

116.  The  wheel  and  azle.— The  ci 
to  raise  weights  through  small 
spaces,  hy  a  Buccession  of  short 
intermitting  eEForta.  After  (ie 
weight  has  heen  raised  it  must 
be  supported  in  its  new  posi- 
tion, until  the  lever  can  he 
agiiin  adjusted,  to  repeat  the 
action.  The  wheel  and  axle  is 
ft  modification  of  the  lever, 
which  corrects  this  defect;  and, 
since  it  converts  the  intermit-  ' 
ting  action  of  the  lever  into  a 
continuous  motion,  it  is  sometimes  called  the  perpetual  iever. 

Th;s  machine  consists  of  a  cylinder   called  the  axle,  turning  o 
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the  machine  ia  called  a  windlass,  fig.  TO,  wlieu 
it  ia  vertical  it  forms  the  capstan,  fig.  71,  used 
on  shipboard,  chiefly  li>  raise  the  anchor.  The 
head  of  the  capstan  is  pierced  with  holes,  in 
each  of  which  a  lever  can  be  placed,  so  that 
many  men  can  work  at  the  same  time,  eiertiog 

anchor,  while  tbe  recoil  of  the 
bottom. 

The  law  of  eqailibriam  ia  the  same  as 
In  the  lever.  Draw  from  the  centre,  or 
fulcrum  c,  fig,  72,  the  straight  lines  c  6 
and  ca,  or  ca',  to  the  points  on  which 
the  weight  and  power  aot;  acb,  ora'cb, 
is  evidently  a  lever  of  the  first  class,  in 
which  the  short  arm  e  6  ia  the  radius  of 
the  axle,  and  c  a  or  c  a',  the  long  arm, 
ia  the  radiua  of  tbe  wheel.     Hence, 

P-Kac 
t)r, 

p.  W==cb:  ac. 

That  ia  to  say,  the  wheel  and  asle  are  in  equilibrium,  when  the 
DOwer  is  to  the  weight  aa  the  radius  of  the  axle  is  to  the  radius  of  the 

In  one  revolution  of  the  machine,,  the  pi 
equal  to  the  circumference  of  the  wheel,  i 
A  apace  equal  to  the  circumference  of  tl 
weight  are  inversely  a«  their  velocities,       i 

117.  Tralna  of  wheel-work. — Tb       f 
augmented  by  diminishing  the  thicknc 
the  diameter  of  the  wheel.     But  if  a 
either  the  axle  would  become  too  small  t 
wheel  must  be  made  ii 
of  wheels  and  axlea  n: 


IS  through  a  apadB 
md  the  weight  moves  through 
I  1       h  tho  power  and 

1      p         tb  y  describe. 

V     f  th  8  machine  ia 
th         1  by  increasing 

f  g      t  p  w  r  is  required, 
t    n  tl     weight,  or  the 
tly  large.     In  th       a     a  oombinatioa 
employed.     Such  a  system  corresponds  to 
tbe  compound  lever,  and  has  the  same  law  of  equilibrium.    The  power 


db,  Google 


80  .nrsics  op  solids  and  fluids. 

beiDg  applied  to  the  first  wheel  tranBioits  its  effect  to  the  first  ^e, 
this  acta  on  the  aeeond  wheel,  which  transfers  the  effect  to  the  se'.'ond 
axle,  &a.,  until  the  force,  transmitted  through  the  series  in  this  order, 
arrives  at  the  last  axle,  where  it  encounters  the  resistance.  In  equi- 
librium, the  power  tn.ultiplied  into  the  continued  product  of  the  radii 
of  all  the  wheels,  is  equal  to  the  weight  multiplied  into  the  continued 
product  of  all  the  axles. 

Trains  of  wheel-work  are  connected  by  an  endless  hand,  or  by  cogs 
raised  on  the  surfeces  of  tlie  wheels  and  asles.  Cogs  on  the  wheel  are 
called  teeth,  and  those  on  the  aile  are  called  leaves ;  the  asle  itself  is 
named  a  shaft.  The  number  of  teeth  on  the  wheels,  and  leaves  on  the 
pinions  is  proportional  to  their  circumferences,  and  also  to  their  radii. 
Hence,  the  number  of  teefli  and  leaves  is  substituted  for  the  radii  of  the 
wheels  and  asles,  and  the  law  of  equilibrium  is  stated  as  follows : 

ThepoiBer  mvltiplied  into  ihe  product  of  the  ntimber  of  teeth  of  all  the 
tBheds,  is  equal  to  the  Keiyht  multiplied  into  the  produet  of  the  number 
of  leaves  ill  all  the  pinions 

AnalyBis  of  a  train  of  wheel  ■work — A  sjstem  of  wheels  is  rep- 
resented in  fig    73      If  the   number  73 
of  leaves  in  6,  the  pinion  of  the  first 
wheel,  is  one  sixth  of  the  number  of 
teeth  on  the  second  wheel,  e,  the  wheel 
will  be  turned  once  by  every  six  fi 
of  the  pinion      Let  the  second  pin 
c,  have  the  same  relation  to  the  third  i{ 
wheel,  y;  then  the  first  wheel  will  r 
voive  36  times  while  the  third  revolves  5 
once;  and  the  radius  of  a   the  wheel  = 
to  which  the  power  is  applied,  being  3 
times  the  radius  of  d,  the  axle  whi^^h 
Bsutains  the  weight,  the  velocity  of  the 
power  is  3  X  36  =  108  times  the  velo- 
city of  the  weight.     Or, 
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lal  form  of  this  machi 


118.  The  polley.— Fiaed  pulley.— The 
is  a  BinnU  wheel,  turniug  on  ita  asm,  and  having 
a  groov^e  un  its  edge,  to  admit  a  flexible  rope  or 
diaiti.  In  the  simple  fixed  pulley,  fig.  74,  there 
is  DO  mechanical  advantHge,  except  that  which 
may  arise  from  changing  the  direction  of  the 
pjwer.  Whatever  force  is  exerted  at  P,  is  trans- 
mitted, without  increase  or  diminution  (except  g 
from  friotioD  and  the  rigidity  of  the  rope),  to  the 
resistance  at  the  other  end  of  the  cord  From  the 
axis  C,  draw  C  a  and  C  6  ad  f  tto  wheel,  at 
right  angles  t«  the  d  e  n  f  tl  e  f  rces ;  aCb 
represents  a  lever  f  th  fi  t  la  with  equal 
arms ;  hence,  in  ju  1  h  um  the  power  and 
weight  must  be  equal   and  th  y  d         be  equal  spaces. 

119.  Movable  pulley  ^Wh  n  the  blocker  frame 
pulley  is  said  to  be  movable.  The  weight  is 
suspended  from  the  axis  of  the  movable  pul- 
ley, and  the  cord  is  fastened  at  one  end,  and 
passing  over  a  fised  pulley,  is  acted  on  by  the 
ponder  at  the  other.  In  this  arrangement, 
fig.  75,  it  is  plain  that  the  weight  is  supported 
equally  by  the  power  and  the  beam  at  D.  For 
the  pulley  acts  as  a  lever  of  the  second  class, 
whose  arms  are  to  each  other  as  1  -.  2 ;  the 
fulcrum  is  3.t  b,  be  is  the  leverage  of  the 
weight,  and  6  a  the  leverage  of  the  power. 
The  diameter  fi  a  is  twice  the  radius  b  c,  there- 
fore equiUbrium  will  obtain  when  the  power 
is  equal  to  one-half  of  the  weight :  t.  e,, 

F:  W=bc:  6a  =  l  :  2, 
therefore. 


To  raise  the  weight  one  foot,  each  side  of  the  cord  must  be  shortened 
one  foot,  and  the  power,  consequently,  passes  over  two  feet.  The 
space  traversed  by  the  power  is  twice  the  space  described  by  the 
weight. 

120.  Compound  pulleys. — Sometimes  compound  pulleys  are  used, 
each  consisting  of  a  block  which  contains  two  or  more  single  pulleys, 
generally  placed  side  by  side,  in  separate  mortices  of  the  block.  Such 
an  arrangement  is  shown  in  fig.  76.     The  weight  is  attached  ta  th« 
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movable  block,  and  the  fiied  one  only  serves  to  give  flie  power  the 

required  direction.     It  is  easily  Eoeo  that  the  power 

required  at  Pia  just  the  Bame  as  would  be  reijuired  at 

any  point  between  A  and  B.     The  weight  is  divided 

equally  among  the  pulleys  of  the  movable  block,  and, 

of  course,  among  the  cords  passing  around  them ;  and 

as  the  power  required   to  sustain  a  given  weight  is 

diminished  one-half  by  a  single  movable  pulley,   it 

follows  that  such   a   system  will  be   in   equilibrium 

when  the  power  is  equal  to  the  weight  divided  by  the 

number  of  cords,  or  by  twice  tbe  number  of  movable 

pulleys. 


P  :  W=  1  ;  2rt, 


In  this  system,  as  in  the  single  movable  pulley,  the 
space  through  which  the  weight  is  raised,  is  as  much 
less  than  the  apace  through  which  the  power  descends, 
as  the  weight  is  greater  than  the  power. 

P  :  W=  velocity  of  weight  :  velocity  of  power. 
If  the  power  is  moved  through  6  feet,  fig,  76,  each  di 
in  which  the  movable  block  hangs  will  be  shortened 
Treight  raised  one  foot. 

Another  system  of  pulleys  is  represented  in 
fig.  77.  In  this  arrangement  each  pulley  hangs  i 
by  a  separate  cord,  one  end  of  which  is  attached 
to  a,  fixed  support,  and  the  other  to  the  adjacent 
pulley.  The  effect  of  the  power  is  rapidly  aug- 
mented, being  doubled  by  each  movable  pulley 
added  to  the  system.  The  numbers  placed  near 
the  cords  show  what  part  of  the  weight  is  sus- 
tained by  each,  and  by  each  pulley.  Such  a 
system,  however,  is  of  little  practical  use,  on 
account  of  its  limited  range.  In  the  common 
block  system,  fig.  76  (in  practice  the  pulleys  or 
aheaves  of  each  block  are  placed  side  by  side, 
to  save  room,  here  they  are  separated  for  sake 
of  clearness),  the  motion  may  continue  until 
the  movable  block  touches  the  fised  one ;  but 
in  this  only  till  D  and  E  come  together,  at 
which  time  A  will  have  been  raised  only  J  of  that  distance, 
W 
P:  W-=l:1'    OT     F=  ---. 


d  by  Google 


THEOBT  or   MACHINBRT.  93 

121.  The  inclined  plane. — This  mechanical  power  is  commonly 
used,  whenever  heavy  loads,  especially  such  as  maj  he  rolled,  are  to 
he  raised  a  moderate  height.  Id  this  way  casks  are  moved  in  and  out 
of  cellars,  and  loaded  upon,  carta.  The  ccmmon  dray  is  itself  an  inclined 
plane  (as  is  clearly  seen  by  inspecting  fig.  78),    Suppose  a  cask  weigh- 


ing 500  Ihs.  is  to  he  raised  4  feet  by  means  of  a  plank  12  feet  long ;  it 
ia  plain,  that  -wliilB  the  cask  ascends  only  four  feet,  the  power  must 
Bsort  itself  through  12  feet,  and  hence,  12  :  4  =  500  :  166S,  the  force 
necessary  to  roll  the  cask. 

In  mechanics,  the  inclmed  plane  ia  a  hard,  smooth  surface,  inclined 
obliquely  to  the  resistance.  The  length  of  the  plane  is  E  S,  fig.  79, 
S  T  its  height,  and  R  T  its  base.     The  power  may  be  applied, 

a — In  a  direction  parallel  to  the  lengih ; 

6 — Or  parallel  to  the  base; 

c — Or  in  any  other  direction. 

In  each  ease  the  conditions  tif  equilibrium  may  he  derived  from  those 
of  the  lever. 

122.  Application  of  the  power  parallel  to  the  length  of  the 
inclined  plane. — When  a  body  ia  placed  upon  an  inclined  plane,  fig 
79,  its  weight,  which  is  the  'B 

resist-ance  to  be  overcome, 
acts  in  the  direction  of  the 
force  of  gravity,  namely  in 
the  perpendicular  ba.     Let 
the  power,  P,  act,  by  means 
of  the  cord,  in  the  direction 
oc,  parallel  to  the  inclined 
plane   R  S,  then  from 
point  a  draw  a  d  at  right   | 
angles    with    the    inclined  I 
plane,    and    complete    the 
parallelogrflm  acbd.     The  force  of  gravity  will  be  resolved  into  twc 
U 
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other  ibrcua;  one  represented  by  6  c  causing  pressure  on  the  inolined 
plane  ;  the  Other,  represented  b;  c  a,  tending  to  cause  motion  doirn  th« 
inclined  plane.  This  latter  force  is  to  be  balanced  by  the  pcwer  ap 
plied  to  move  the  body.    The  body  will  therefore  be  sustained  when 


i--.  ir= 


:  ab; 


e  the  triangles  abc  and  R S T  are  sim 
P:  W=ST:  RS; 


'-  wx 


US' 


This  may  be  illustrated  by  an  apparatus  constructed  like  that  shown 
in  the  figure. 

If  the  direction  of  the  power  is  parallel  to  the  inclined  plane,  equili- 
brium will  obtain,  when  the  power  is  to  the  weight  as  the  heigiit  of 
the  plane  is  to  its  length.  While  the  weight  is  raised  through  n  space 
equal  to  the  vertical  height  of  the  plane,  the  power  must  move  through 
a,  space  equal  to  its  length.  If  the  length  of  a  plane  is  10  feet,  and  its 
height  2  feet,  p  must  move  10  feet,  while  W  is  raised  2  feet ;  hence  the 
power  and  weight  are  inversely  as  their  relooities. 

12S.  Application  of  tbe  power  parallel  to  the  base  of  the 
inclined  plane. — In  the  second  case,  go 

let  the  power  act  in  the  direction  of  a  P, 
fig.  80,  parallel  to  B  C,  the  base  of  the 
plane;  and  ijraw,  the  lines  ba  and  be 
perpendicular  to  the  direction  of  the 
power  and  weight:  then  a  h  c  is  a, 
bent  lever,  having  its  fulcrum  at  b,  and 
etjuiiibrium  will  take  place  when 

P:  W=bc:  ab;  " 

and,  the  triangles  abc  and  ABC  being  similar 
P:  W=AS:SG; 


Cr 


i'Xf. 


If  the  direction  of  the  power  is  parallel  to  the  base  of  the  plane, 
equilibrium  will  obtain  when  Ihe  power  is  to  the  weight  as  the  height 
of  the  plane  ia  to  iU  base. 

In  this  case  the  space  described  by  the  power  ia  to  the  space  described 
by  the  weight  as  the  base  of  the  plane  is  to  its  height. 
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124.  Application  of  the  power  in  some  direction  not  parallel 
to  any  side  of  the  plane. — Lastly,  let  tiie  power  act  in  soma  direc- 
tion not  parallel  to  any  side  of  the  plane ;  for  esample ;  in  the  direction 
aP,  fig.  81,  draw  the  lines  be  and  6a  perpendicular  to  the  directions 
of  the  two  forces ;  then,  as  before, 

P;  W^be:ab. 

But  as  the  triangles  abc  and  ABC  are  not  similar,  the  proportion 
between  the  arms  of  the  lever  cannot  81 

be  expressed  by  the  sides  of  the  plai 

It  follons  from  viat  bos  b< 
the  eCTeot  of  a  giren  ponor  is  ) 
height  of  the  plane  is  dimii 
leogtii  inoreMod;    and  that 
grealest  when  ila  direction 
the  length  of  the  plane,  for,  if  the  power 
itats  in  any  other  direction,  a  part  of  it^ 
force  is  eipended,  either  in  increasing  the 
pressure  of  the  hodj  on  the  plane,  ot  in  lifting  the  wi 

125.  The  wedge. — Instead  of  lifting  a  load 
inclined  plane,  the  same  result  may  be  oHamed  by 
moving  the  plane  under  the  load.  When  used  in  this 
manner,  the  inclined  plane  is  called  a  -Badge  It  is 
customary,  however,  to  join  two  planes  base  to  I  a"e 
In  fig.  82,  A  B  is  called  the  back  of  the  wedge  A  C 
and  B  C  its  sides,  and  dQ  itB  length  The  poner  la 
applied  to  the  back  of  the  wedge,  so  is  It  drive  it 
between  two  bodies,  and  overcome  their  resistance 
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Application  of  the  wedge— 
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g  sharper  than  those  nbic] 


127.  The  Bciew. — This  machine  lias  the  same  relation  to  Hie  nriii- 
narj  inclined  plane  that  a,  spiral  staircase  has  to  a  straight  one  Ihis 
tclatluD  is  shown  in  fig.  83,  the  dotted  line  K  L  63 

marking  the  contiauation  of  the  spiral, 
position  of  the  diEFerent  parts  of  an  inclined 
plane  upon  a  screw  is  shown  in  fig.  84.  abcdefg, 
is  the  spiral  course  of  the  inclined  plane  upon  the  g 
screw,  and  a  c"  e'  g'  are  points  in  the  straight 
inclined  plana  corresponding  to  similar  letters  oi 
the  threads  of  the  screw,  as  would  be  seen  by 
winding  the  plane  around  the  cjlintier.  The 
thread  of  a  screw  projects  from  the  surface  of  the  cylinder,  and  is 
designed  to  fit  into  a  spiral  groove,  cut  in  the  interior  of  a  block  called 
t^enut;  a  lever  is  also  M 

flsed  in  the  head  of  the   , 
cylinder  to  which  the 
power  19  applied      The   ' 
combination     of    theie   i 
parts  forms  the  mecha 
meal  power  teohmcallj 
called  the  screw. 

In  working  the  screw,  the  resistance  acts  on  the  inclined  face  of  the 
thread,  and  the  power  parallel  to  the  base  of  the  screw.  This  cor- 
responds to  the  case  in  which  the  direction  of  the  power  is  parallel  to 
the  base  of  the  inclined  plane.  Equilibrium  will,  therefore,  take  place 
when  the  power  is  to  the  resistance  as  the  distance  between  the  threads 
af  the  screw  is  to  the  circumference  described  by  the  power. 

P:  W—h-.^RH,  andP=  ^'>^-op^'' 

h  being  the  distance  between  the  threads,  Ji  the  radius  of  the  screw,  or 
of  the  length  of  the  lever  attached  to  it,  and  t  the  ratio  of  the  circum- 
ference of  a  circle  to  its  radius. 

During  each  revolution  the  power  describes  a  cirile,  whose  circum- 
ference depends  on  the  length  of  the  lever,  but  the  end  of  the  screw 
advances  only  the  distance  between  two  threads ;  thus  in  this,  as  in  all 
oaiea  of  thi  uss  of  machines,  what  is  gained  in  power  is  lost  in  velocity 
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128.  Mechanical  efficiency  and  applications  of  the  s 
The  mechanical  efficiency  of  tlie  ecrew  8S 

ia  augiaented,  either  by  increasing  the 
length  of  the  lever,  or  by  lessening  the 
distance  between  the  thre.uls.  If  the 
threads  of  a  screw  are  J  of  an  inch 
apart,  and  the  power  describes  a  circle 
of  5  feet  (120  half-inches)  circumfer 
ence,  a  power  of  1  lb.  will  balance  i 
tesiatance  of  12D  lbs. ;  if  the  threads 
are  J  inch  apart,  1  lb.  will  balance  340 
Iba.,  the  efficienoy  being  doubled. 


Fine  screi 

TS  are  thcrefc  re  more  power 

f  1th 

Tl     applications 

f  th     m 

t         f  1          h  nical  power 

■wh   h  th 

1"^  The  endle  a  a  ew  is  a  eontriv. 
is  imparted  to  a  wheel,  as  shown  in  flg. 
86.  The  threads  of  the  screw  act  upon 
the  cogs  of  the  wheel,  and  serve  to  move 
the  weight  Q,  attached  to  the  aiis  ML. 
If  we  call  the  radius  of  the  circle  de- 
scribed hy  the  winch  D  B  :i=  r,  and  let 
A  ^  the  distance  between  the  threads  of 
e  shall  have  the  power  of  the 


t     t  example  of  it 

of  nearly  all  kinds.    A  good  illustration  of 
py    g  press,  fig,  i 


by  which  a  slow  motion 


2«r 


Let  i 


=  M  F,  and 


£'  =  M  L,  and  the  power  of  the  wheel  and  axle  will  ^  -^. 
Then  W:P  =  2^rXB:}iXli'; 

Therefore  the  weight  is  to  the  power  as  the  circumference  of  tha 
circle  described  by  the  wiB:h  D,  multiplied  by  the  radius  of  the  wheel, 
is  to  the  distance  bolTeen  the  threads  of  the  screw  multiplied  by  the 
radius  of  the  asis. 
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g  3.  Strength  and  Powei. 

130.  Animal  attengtb. — The  mechanical  effect  prcdajed  bj  men 
and  animals  ia  subject  U>  extreme  variation,  according  to  the  various 
ciroum stances  under  which  it  is  applied.  The  effect  produced  is  deter- 
mined by  multiplying  the  load  (or  weight)  by  the  speed.  There  is 
always  a  certain  relation  between  the  eleuienta,  which  will  give  the 
masimum  effect;  for  the  load  may  be  so  great  that  it  will  require  all 
the  strength  of  the  animal  to  support  it,  and  then  he  cannot  move ;  or, 
again,  the  animal  may  have  a  speed  of  motion  so  great,  that  he  cannot 
carry  any  load,  however  small. 

131.  Strength,  of  men.—lt  has  been  found  that  the  strength  of  a 
man  may  be  eserted,  for  a  short  time,  most  advantageously  in  raising  a 
weight  when  it  is  placed  between  his  legs.  The  greatest  weight  that 
can  be  raised  in  this  manner,  raries  from  450  to  600  lbs. ;  its  average 
amount  does  not  however  exceed  250  lbs. 

The  greatest  mechanical  effect  from  muscular  force  is  obtained  when 
the  animal  acts  simply  by  raising  his  weight  to  a  given  height,  and 
then  is  lowered  by  simple  gravity,  aa  upon  a  moving  platform,  the 
animal  actually  resting  during  the  descent.  In  other  words,  the  animal 
affords  a  convenient  mode  of  raising  a  given  weight  (his  own)  to  a 
certain  height.  Thus,  if  two  baskets  are  arranged  at  each  end  of  a 
rope  hung  over  a  pulley,  and  a  weight  to  be  raised  is  placed  in  one  of 
the  baskets,  one  ur  mere  men,  whose  weight  is  greater  than  that  of  the 
load  to  be  raised,  can,  by  getting  into  the  empty  basket,  raise  the 
weight  as  often  as  may  be  required.  It  has  been  found  by  esperiment 
that,  in  this  way,  a  man  working  eight  hours  can  produce  an  effect 
equivalent  to  2,000,000  lbs.  raised  one  foot ;  while  at  a  windlass  an 
effect  of  only  1,250,000  lbs.  is  produced,  and  at  a  pile  engine,  only 
750,000  lbs.  In  the  trend-mill,  the  daily  effect  of  men  of  tlie  average 
strength  is  1,875,000  lbs.  raised  one  foot.  Spade  labor  is  one  of  the 
most  disadvantageous  forma  in  which  human  labor  can  be  applied;  the 
force  exerted  being  always  much  greater  than  the  weight  of  the  earth 
raised.  The  muscular  effect  of  the  two  hands  of  a  man  is  about  {60  k) 
llOJ  lbs.,  and  for  a  female  about  two-thirds  of  this  quantity. 

132.  Hoiae-po^nreT  macbine&.—One  of  the  most  advantageous 
methods  of  applying  the  strength  of  animals,  is  by  machines  con- 
structed upon  the  principle  of  the  tread-mill.  In  practice,  however,  it 
has  been  found  more  convenient  to  apply  horse-power  to  machinery  by 
means  of  a  large  beveled  or  toothed  wheel,  fixed  horizontally  on  a 
strong  vertical  axis,  as  in  fig.  87.  The  horses  are  attached  to  project- 
ing arms  of  this  wheel,  and  as  they  move  in  their  circular  oath,  they 
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push  agaiDst  their  ollars,  and  make  the  wheel  revolve.  Thia  beveled 
wheel  acts  on  a  beveled  pinion  attached  to  a  horizontal  shaft,  in  con 
neotion  with  the  machinery  to  87 

be  set  in  motion.  The  maximum 
effect  vihioh  a  hurse  can  exert 
in  dravring  is  900  lbs.,  but  when 
he  vrorks  continuously,  it  is 
much  lcs3.  In  the  machine  jusl 
mentioned,  a  horse  of  average 
strength  produces  as  much  effect 
as  seven  men  of  average  strength 
working  at  a  windlaea.  Accord- 
ing to  esperiments  made  by 
Predgold,  it  appears  that  the 
average  load  which  a  single  horae 
day,  in  a  cart  weighing  T  cwt.,  is 

133.  Table  of  the  comparative  atrengtli  of  men  and  otter 
animals. — The  following  estimates  of  the  relative  strength  of  man  and 
other  animals,  have  been  given  bj  the  authorities  whose  names  are 
indicated,  Coulomb's  estimate  of  the  labor  of  a  man  being  in  each  case 
taken  as  the  unit. 

Carrying  loads  on  the  back,  on  a  level  road; 


In  drawing  loads, 


aw,  at  the  rate  of  211  miles  per 
n  of  1800  lbs. 


Hanscnfratz  giiea  the  following  comparati- 


134   Steam  power  — Water  la  converted  into  steam  by  the  applica- 
lloB  of  heat      Steam  is  an  elastic,  condenatble  vapor,  capable  of  exert- 
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ing  great  fjroe  During  the  ^Doversion  of  a  tube  inch  (f  witer  into 
ste^m  a  methimcal  furee  la  esertod  which  imj  be  afatei  in  round 
number'  as  eq  iivalont  to  %  ton  -weight  raised  one  foot  high  The 
witer  IS  merely  the  medium  by  which  the  mPchanical  effects  of  heat 
are  ei  Ited  Ihf  real  moving  power  is  the  combustible  the  coal  i 
wood   consumed  in  the  evaporation  jf  the  witer 

The  maiimum  effeots  from  &  given  weight  of  coal  in  evtporating 
water  an  1  consequent  mechanical  affect  have  been  obta  ned  m  Corn 
wxil  England  where  a  Vu«hel  of  coal  weighing  84  Ib^  his  produced 
a  meohani  al  effect  equivalent  to  120  0011000  lbs  laised  ne  fuot 
Pr)Ubly  100  000  000  is  the  manmum  mechanical  effect  attainable  in 
regular  work  by  the  consumption    f  a  bu'bol  uf  coal 

As  tl  e  masimum  effe  t  produced  bj  man  is  2  000  000  and  that  cf  i 
horge  10,000,000,  it  follows,  that  one  bushel  of  coal  consumed  daily 
may  perform  the  work  of  50  men  or  10  horses. 

In  the  chapter  on  heat  and  the  steam-engine,  this  subject  will  be 
more  fully  considered.  It  is  introduced  here  only  for  the  sake  of  the 
convenient  standards  of  force  it  gives  us. 

The  dynamometer,  already  described  (37),  is  employed  to  measure  the 
efficiency  of  any  given  mechanical  power. 

135.  Perpetual  motion. — Many  visionary  persons  have  convinced 
themselves  of  the  possibility  of  constructing  a  machine  to  work  con 
tinoously,  with  no  new  access  of  power.  That  such  a  machine  is  im 
possible,  in   the  nature  of  things,  is  8S 

clear  from  the  fact  that  no  combina- 
tion of  parta  in  a  machine  can  create 
power.    A  machine  can  only  ti 
force,   subject  to  the  various 
incident  to  friction  and  other 


Fig.  88  shows  one  of 
forms  of  apparatus  contrived  ir 
vain  effort  to  elude  the  laws  of  ni 
and  produce  a  perpetual  motion.  The 
eight  balls  are  hinged  on  points,  in 
Bueh  a  way  that  those  on  the  falling 
side  are  held  farther  from  the  axis  than  those  on  the  rising  side.  Not 
only  does  esperiment  show  that  such  a  machine  urfK  not  tpork,  but  it 
is  plain  that  the  sum  of  the  resistances  (aside  from  friction,  &c.) 
must  equal  the  sum  of  the  powers. 

Nature,  in  cataracts,  in  the  revolution  of  the  earth  and  other  heavenly 
bodies,  furnishes  us  examples  of  perpetual  motion.     But  in  mechanics 
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this  term  implies  the  assumed  capacity  of  a  machine  to  continue  the 
performance  of  ita  work  by  some  renewing  force — aa  of  a  clock  which 
should  wind  itself  up  ia  proportion  aa  by  gravity  it  runs  down — a 
thmg  plainly  impossible. 

I  4.    Impedimenta  to  Motion. 

136.  Passive  resistances. — Besides  those  resistances  which  a  ma 
chine  is  designed  to  overcome,  there  are  certain  others  which  arisf 
during  the  mDvement  of  the  machine,  and  oppose  its  useful  action  by 
destroying  more  or  less  of  the  moving  power.  These  forces  are  desig- 
nated by  the  general  name  of  passive  resistances,  or  impedimenta  to 

Several  kinds  are  distinguished : 

1st, — When  we  attempt  to  cause  one  body  to  slide  over  another,  a 
resistance  is  eiperieneed,  so  that  it  is  necessary  to  use  a  certain  degree 
of  force  to  commence  the  eliding,  and  also  to  continue  the  motion  after 
it  has  been  begun.  This  is  the  resistance  called  sliding  friction,  or 
simply  friction, 

2d. — When  a  cylindrical  body  is  rolled  on  a  plane  surface,  the  move- 
ment is  opposed  by  a  force  called  the  rolling  friction.  It  is  seen,  for 
example,  in  the  roiling  of  carriage  wheels  on  the  ground. 

3d, — The  ropes  and  chains  which  enter  into  the  composition  of  some 
machines,  are  supposed,  in  theory,  to  be  perfectly  flexible,  but  as  they 
are  not  so,  a  considerable  loss  of  power  is  caused  by  their  stifiness,  or 
im'perfect  JUxib  iliiy. 

4th. — 'The  movements  of  all  machines  take  place  either  in  air  or 
water,  and  the  particles  of  these  fluids  which  come  in  contact  with  the 
machine,  are  continually  set  ia  motion,  which  can  only  happen  at  the 
expense  of  the  moving  power.     This  is  called  the  resistance  of  Jl'aids. 

137.  Sliding  friction, — If  the  surfaces  of  bodies  were  perfectly  hard 
and  smooth,  they  would  slide  upon  each  other  without  any  resistance. 
But  the  most  highly  polished  surfaces  are,  really  (as  they  appear  under 
the  microscope),  fuil  of  minute  projections  and  cavities,  which  fit  in 
each  other  when  two  surfaces  are.  brought  into  contact.  The  force 
required  to  overcome  the  roughness  and  consequent  adhesion  of  sur- 
faces ia  the  measure  of  friction.  This  quantity,  divided  by  the  weight 
of  the  body,  forms  a  fraction  which  is  called  the  co-ef&cient  of  the 
friction. 

138.  Starting  friction — Fiiction  during  motion, — The  amount 
of  force  necessary  to  commonoc  the  motion  of  two  bodies,  sliding  on  each 
other,  is,  in  moat  cases,  greater  than  the  force  required  to  continue  the 
movement  uniformly  after  it  has  been  begun  ;  hence  this  resistance  iB 
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distinguished  into  two  kinds,  starting  frintion,  and  friction  during 
motion.  They  are  also  called  statical  and  dynamical  friction.  Whewell 
proposes  to  name  the  former  siriction,  reserving  the  word  friction  for 
the  latter.  However  named,  the  laws  of  each  can  be  determined  only 
bj  experiment. 

Coulomb's  apparatus  for  determining  starting  friction. — Dif. 
ferent  observers  are  by  no  means  agreed  in  respect  to  all  the  laws  of 
friction;  we  shall  here  follow  the  results  obtained  in  1781,  by  Iho 
jelebrated  French  philosopher  and  mathematician.  Coulomb.  In  1831, 
Morin,  by  command  of  the  French  government,  repeated  and  enlarged 
the  experiments  of  Coulomb,  usually  verifying  his  general  oonciusions. 

The  principal  apparatus  used  by  Coulomb  is  represented  in  fig.  89. 


It  conaiafs  of  a  horizontal  table;  a  bos,  A,  to  receive  the  weighta  used 
to  produce  the  different  piessures ;  a  pan,  D,  on  which  were  placed  the 
weights  to  drag  the  box  along  the  table  by  means  of  a  cord  passing 
over  a  pulley.  The  bos  was  mounted  on  slides,  of  the  same  substance 
on  which  the  experiment  was  to  be  made,  and  corresponding  slips  of 
the  same,  or  a  different  substance,  were  placed  under  the  sliders  on 
the  table.  The  amount  of  the  weight  required  to  be  placed  in  D,  to 
move  the  bos  from  a  state  of  rest,  is  the  measure  of  starting  friction ; 
and  the  weight  necessary  to  continue  the  movements  uniformly,  is  the 
measure  of  friction  during  motion. 

Results  of  Coulomb's  experimentB  on  Htarting  friction.— 
Without  detailing  the  experiments,  it  will  be  sufficient  to  state  their 
general  results  embraced  in  the  following  laws;— 

Friction  during  movement  is, 

Ist^ — Proportional  to  tbe  pressure  exerted  upon  the  sliding  surfaoes 

2d. — Independent  of  the  extent  of  the  surfaces  in  contact. 

3d. — Independent  of  the  Telocity  of  the  movement. 

4th.— Greater  between  surfaces  of  the  same  than  aurfacns  of  different 
materials 
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nished  bj  poliah- 


5th.-  -Greatest  between  rough  surfaces,  and  is  i 
ing,  and  usually  bj  the  use  of  suitable  unguents. 

Friction  at  starting  is, 

1st. — Proportional  to  pressure. 

2d. — Independent  of  extent  of  surface. 

3d. — Generally  increased  by  polishing  the  surfaces. 

The  friction  at  starting,  and  during  the  movement,  are  the  same, 
when  the  sliding  surfaces  are  hard,  like  the  metals ;  but  if  the  bodies 
are  compressible,  like  wood,  the  starting  friction  ia  much  the  greatest. 
When  at  least  on  5  of  the  surfaces  is  compressible,  the  resistance  is  not 
always  the  same,  but  varies  according  to  the  time  the  surfaces  have 
been  in  contact.  If  wood  slides  on  wood,  the  starting  friction  attains 
its  greatest  intensity  in  two  or  three  minutes ;  but  if  the  sliding  sur- 
faces are  wood  and  metals,  the  greatest  Intensity  Is  not  reached  for  a 
much  longer  time,  several  hours,  and  sometimes  several  days.  But  after 
a  certain  time  has  elapsed,  the  starting  friction  is  no  longer  augmented 
by  lengthening  the  time  of  contact. 

It  appears  strange  at  first,  and  c( 
the  friction  at  starting,  and  during  i 
by  enlarging  the  surfaces  In  contact, 
this.  Friction  is  proportional  to 
have  the  same  weight,  and  one  haf 
weight,  being  equally  distributed 
great  on  each  point  of  the  surface  of  the  first  body  as  on  each  point  of 
the  second,  and  consequently  the  friction  at  each  point  of  the  first  is 
twice  the  friction  at  each  point  of  the  second,  and  the  whole  friction 
must  be  the  same  for  each  body.  This  law,  however,  does  not  hold  good 
in  estreme  cases. 

With  the  same  pressure,  the  friction  varies  exceedingly  according  to 
the  nature  of  the  surfaces  in  contact.  The  following  table  shows  the 
ratio  of  frictian  in  several  case*!,  the  pressure  being  100. 


trary  to  our  previous  ideas,  that 
it,  should  not  be  increased 
lersa.  The  explanation  is 
if,  therefore,  two  bodies 
ice  the  surface  of  the  other,  the 
each  surface,  will  be  twice  as 


»„_„....... 

"— '"■^"'"P™-          ! 

0'3S 

060 
0-12 

0-ST 
0-13 

.<       ..        .'      with  Boadng  of  soap,  .    . 
-       "        «       "         "        of  tallow,    . 

014           j 

"        "        "        with  OPlting  of  tallow,  . 
Leather  hanAa  on  wood,          

0-4S 

«         "        "       with  coaling  of  olive  oil. 

0-07 
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130.  RoIIiug  friction. — The  resiBtanne  esperienced  in  rolling  a 
cylinder  along  a  plane  surface  is  distinct  in  character  from  the  friotiitn 
produced  in  sliding  the  cylinder,  and  very  much  leas  in  amount.  In 
wood  rolling  on  wood  the  proportion  of  resistance  to  presaure  is  from 
16  to  1000,  or  6  K.  1000,  while  the  sliding  friction  in  the  same  case  would 
be  as  5  to  10,  or  36  to  100,  according  to  the  kind  of  sliding  friction.  The 
resistance  of  roiling  friction  arises  from  a  slight  change  of  form  pro- 
duced in  the  body,  and  the  surface  on  which  it  moves,  and  correspond- 
ing to  the  amount  of  pressure.  The  cylinder  is  flattened,  and  the  plane 
depressed,  so  that  the  moving  force  is  exerted  in  continually  moving 
the  body  up  a  very  minute  inclined  plane. 

Coulomb's  apparatus  for  deteimlning  rolling  friction. — The 
apparatus  employed  by  Coulomb,  consisted  of  two  bars,  horizontal  and 
parallel,  with  a  space  between  them,  fig.  90.  A  cylinder  of  the  same, 
or   a    difierent   substance,   was    placed  SO 

transversely  aorOia  the  bars,  and  loaded 
with  any  required  pressure  by  hanging 
strings  upon  it,  carrying  equal  weights 
at  their  eitremitiea.  Another  string,  I 
vound  several  times  around  the  middle 
of  the  cylinder,  carried  a  pan  c  to  re- 
ceive the  weight  necessary  to  produce 
motion.  It  is  evident  that  this  weight 
acted  always  at  the  extremity  of  the 
radius  of  the  cylinder  as  a  lever. 

Results     of     Coulomb's     experi- 
ments on  rolling  friction.— From  the 
e  derived  the  following 


The  friction  of  rolling  bodies  is, 

1st. — Proportional  to  pressure. 

2d. — Independent  of  velocity,  of  the  diameter  of  the  cylinder,  and  ( f 
Ihe  extent  of  the  surfaces  in  contact, 

3d.  Greater  when  the  substances  are  the  same  than  when  tliey  are 
different. 

4lh. — Not  diminished  by  coatings  of  grease,  but  is  so  by  the  polish 
of  the  anr faces. 

If  the  force  which  produces  the  movement,  instead  of  being  applied 
always  at  the  same  arm  of  the  lever,  fig.  90,  were  applied  horizontally 
at  the  centre  of  the  cylinder,  or  at  the  upper  extremity  of  its  vertical 
diameter,  it  would  be  inversely  proportional  to  the  diameter. 

The  friction  of  the  axle  of  a  wheel,  whether  the  axle  itself  turns,  or 
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the  wheel  on  the  axle,  is  somewhat  less  than  sliding  frictioD,  but  obeys 
the  same  laws.  The  friction  of  ailes  maj  be  redaoed  one-half  or  one- 
quarter  its  original  amount  by  the  use  of  proper  unguenta. 

140.  Mr.  Babbage's  experiment.^Mr.  Babbage  cites  an  instruc- 
tive experiment  to  illustrate  the  decrease  of  friction.  A  block  of  stone 
weighing  1080  lbs.  was  drawn  on  the  surface  of  a  rock  hj  a  force  of 
758  lbs. ;  placed  on  a  wooden  sledge,  it  waa  drawn  on  a  wooden  floor  by 
a  force  of  606  lbs. ;  when  both  wooden  aurfacea  were  greased,  182  lbs. 
was  sufficient ;  and  when  the  block  was  mounted  on  wooden  rollers  of 
three  inches  diameter,  a  force  of  only  28  lbs.  was  required  to  move  it. 

I'll.  Advantages  deilved  firom  &iction. — The  advantages  arising 
from  friction  are  vastly  greater  than  the  loss  of  power  which  it 
ocoaaions.  Without  this  property  of  matter  it  woald  be  equally  impos- 
sible to  make  or  use  machines,  for  nothing  could  be  nailed,  or  screwed, 
or  tied  together,  or  grasped  securely  in  the  hand.  From  the  difficulty 
of  walking  on  very  smooth  ice,  we  may  infer  how  useless  would  be  the 
jffort  to  move,  if  our  feet  met  no  resistance  whatever. 

142.  Rigidity  of  ropes. — When  ropes  are  used  to  transmit  force, 
their  stiffness  occasions  a  considerable  loss  of  power,  amounting,  in 
some  combinations  of  pulleya,  to  two-thirds  of  the  whole  power.  The 
amount  of  the  loss  from  this  cause  is  modified  by  many  external  cir- 
cumstances, suet  as  the  dampness  of  the  cordage,  its  quality,  and  the 
manner  in  which  it  is  made.     In  general,  the  resistance  of  ropes  is, 

1st. — Proportional  to  the  tension  to  which  they  are  subjected. 

2d. — It  increases  with  the  thickness,  and  is  greatest  in  those  that 
have  been  strongly  twisted. 

3d, — It  is  inversely  proportional  to  the  diameter  of  the  wheel  or 
cylinder  around  which  the  ropes  are  bent. 

143.  Resistarioea  of  fluids.— The  resistance  which  a  moving  body 
meets  in  air  and  water,  is  an  effect  of  the  transfer  of  motion  from  the 
solid  to  the  particles  of  the  fluid.  For  the  moving  body  must  constantly 
displace  a  part  of  the  fluid  equal  to  its  own  bulk,  and  the  motion  thus 
communicated  is  so  much  loss  of  the  motive  power.  When  other  cir- 
euinstances  are  the  same,  the  denser  the  medium  the  greater  will  be 
the  resistance  which  it  offers,  Newton  demonstrated  that  if  a  spherical 
hody  moves  in  a  medium  at  rest,  and  whose  density  is  the  same  as  its 
own,  it  will  lose  lialf  of  ita  motion  before  it  has  described  a  space  equal 
tc  twice  its  diameter.  The  resistance  encountered  by  a  body  moving 
in  water  is  800  times  greater  than  if  it  were  moving  with  the  same 
velocity  in  air ;  for  water  being  800  times  more  dense  than  air,  the 
body  must  displace  and  communicate  its  own  motien  to  800  times  as 
much  matter  in  the  same  time. 

12 
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The  resistsDce  also  depends  upon  the  estent  and  form  of  the  surface 
which  is  directly  opposed  to  the  reaistanoe ;  i.  e.,  at  right  aogles  to  the 
direction  of  the  motion.  A  body  with  a  pointed,  wedge-shaped,  or  curved 
Burfaoe,  ie  less  opposed  than  one  whose  surface  is  flat  and  broad. 

The  resistance  increases  as  the  square  of  the  velocity ;  for  if  the 
velocity  is  doabled,  the  loss  of  motion  must  be  quadrupled,  because 
there  is  twice  as  much  fluid  to  be  moved  in  the  same  time,  and  it  has 
also  to  be  moved  twice  aa  fast.  Again,  let  the  velocity  be  trebled,  then 
the  body  will  meet  three  times  as  many  particles  of  the  fluid  in  tlio 
same  time,  and  communicate  three  times  the  velocity ;  therefore  ;he 
resistance  is  3  ^  3  ^^^  9  =  3^ 

Bodies  having  the  same  figure  and  density  overcome  the  resistance 
of  fluids  more  easily  in  proportion  in  their  size.  In  cannon-balle,  for 
example,  the  extent  of  surface  to  which  the  resistance  is  proportional 
,B  the  square  of  the  diameter,  while  the  weight,  or  power  to 
resistance,  increases  as  the  cube  of  the  diameter.  If  twc 
balls  have  diameters  in  the  ratio  of  2 :  3,  the  resistances  which  thej 
will  encounter  at  the  same  velocity  of  projection,  will  be  in  the  ratio 
of  4 :  9,  and  their  moving  force  in  the  ratio  of  8 :  27. 

144.  Actual  and  theoretical  velocities. — In  consequence  of  these 
impediments  to  motion,  the  actual  movements  of  bodies  are  materially 
different  from  the  theoretical  motions  explained  in  previous  sections. 
The  motion  of  falling  bodies  is  very  far  from  being  uniformly  accele- 
rated, nor  do  all  bodies  fall  with  equal  rapidity,  as  theory  requires, 
and  as  was  seen  to  be  true  in  the  guinea  and  feather  experiment.  The 
resistance  of  the  air,  which  is  very  small  at  first,  rapidly  increases,  and 
after  a  certain  time  becomes  equal  to  the  force  of  gravity,  when  the 
body  will  no  longer  be  accelerated,  but  move  uniformly  through  the 
remainder  of  its  descent.  The  descent  of  bodies  on  inclined  planes 
and  curves  deviates  still  more  from  uniformly  accelerated  motion,  since 
the  eflect  of  friction  is  added  to  the  resistance  of  the  air. 

145.  Ballistic  curve. — A  still  greater  difference  i. 
tween  the  actual  and  theoretical  motions  of  pro- 
jectiles (103).    Instead  of  describing  a  parabola, 
A  E  B,  fig.  91,  the  projectile  actually  describes 
the  curve  A  C  D,  called  the  ballistic  curve,  which 
never  attains  so  great  a  vertical  height,  or  so  long  X~ 
a   range   as   tie    corresponding    parabola,   and 
which,  toward  the  end  of  its  course,  continually 
approaches   tlie   perpendicular,   E  I".     A   four- 
pound  shot,  which  fiiea  6437  feet  in  the  air,  would  ti 
a  space  of  23,226  feet. 
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As  in  the  c 

Xie  of  friction,  the  benefits  resulting  from  this  state  of  thinftJ 

oretpay  the  d 

aadvantages.     Fish  could  not  Bwim,  nor  birds  fly,  were  it  not  foi 

tba  rtaisWDQ 

s  of  the  media  they  inhabit.     The  paddle-wbeds  of  a  steamei 

vonid  not  m0 

e  it,  nor  iW  rudder  guide  its  eourse,  if  they  met  no  resiatanco  to 

thBir  moveme 

ts.     And  we  can  very  well  dispense  with  a  perfect  theory  of  pro- 

jectjlea,  iftho 

eby  the  rain  ia  prevented  from  desoendjne  with  the  deatructire 

velocity  of  lia 

l-stonea. 

Problems.— VU  Viva. 

will  be  required  to  n 

OYO  a  1 

ain  weighing  throe  times 

ow  muon  g 

25  m 

les  an 

honrf 

43.  If  a  locomotiv 

e  weighi 

g  30  tons  will  draw  a  tra 

90 

onslS 

miles  an  hoor,  at  w 

at  veloe 

ty  will  It  draw  a  ttaia  w 

ghing  30 

The 

weight  of  the  locomo 

ive  is  to 

bo  a^ded  to  tbe  train  in  both  cases. 

49.  What  will  be 

the  rela 

■re  destructive  power  of 

hurricane 

uigflO 

miles  an  hour,  and  a 

other  m 

oving  BO  miles  an  hour? 

60.  Ifapile-driTC 

weighLn 

g  1600  lbs.  raised  20  feet  strikes  with  a 

e,  towh 

t  height  must  it  be  raised 

to  give  a  ah 

ockt 

a  haJf  times  ns  great 

51.  What  is  the  o 

mparati 

e  destructive  power  of  a  c 

nnon-bail 

weig 

ing64 

lbs.  flying  10110  feet 

per  seen 

d,  and  another  ball  weigh 

ng  200  lbs 

flyin 

gl60n 

feel  per  second? 

The  Lever. 

63.  Tffo  weights, 

and  4, 

alance  on  the  extremities 

of  a  lever 

4  fee 

long! 

find  the  fulcrum. 

53.  Four  weights, 

,  3.  7.  6 

are  placed  at  equal  distan 

aigi 

lover. 

Determine  the  positi 

n  of  the 

fulcrum. 

fi4.  Two  men  carry  a  weight  of  2  ewt.  hung  on  a  pole 

the  onds  o 

whi 

h  rest 

on  their  shoulders; 

what  p 

rt  of  the  load  is  borne  by 

each  man 

the 

weight 

han^ng  8  inches  fro 

n  the  m 

ddle  of  the  pole,  the  whol 

length  0 

feet? 

65.  A  beam,  18  fe 

t  long, 

3  supported  at  both  ends 

a  weight 

f  18 

suspended  at  3  feet  from  one 

end,  and  a  weight  of  12 

et  ft 

m  the 

60.  A  uniform  beam,  40  feet  in  length,  the  weight  of  which  is  4  cwt,  is 
ported  by  two  propa,  A  and  B,  30  feet  apart ;  a  weight  oC  24  ewt.  is  then 
pended  on  the  beam  at  the  distance  of  10  feet  from  B,  tbe  beam  projccti 
feel  over  tbe  prop  A,  and  2  feet  over  that  at  B ;  required  the  pressure  on 
of  the  props. 

S7.  On  a  lever  3  feet  in  length  a  weighi  of  SOO  lbs.  is  suspended  at  one 
it  2i  inches  from  its  fnlcrum ;  what  weighi  at  the  other  end  will  keep  tbe  1 

VPheel  and  Azle. 
68.  A  power  of  10  lbs.  on  a  wheel  the  diameter  of  which  is  10  feet,  bala 
B  weight  of  300  Iba.  on  the  axle;  what  is  the  dijimeter  of  the  axle,  the  thick 
of  the  rope  on  the  wheel  being  one  inch,  and  that  of  the  rope  on  the  aile 
lushes  ? 
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SB.  Aw(iElitof224Clb8.is 

sustained  by  i 

1  rope  of  2  i 

inches 

in  diameter, 

going 

roand  sl  b^1< 

:  i  iDchea  in  dial 

aet«r;  what  n 

■eight  musi 

spended  at  t 

he  cir- 

cnmferen™  ol 

awheei^radiua 

6  feet— by  a  i 

■ope  of  the 

equiUbriam? 

60.  In  a,  0 

ombmation  of  wheels  and  ai 

lea  there  i 

en  the  radii 

oftho 

wheels,  20,  26 

i,  and  48  inches. 

and  the  radii 

Id  flile,  4,  5, 

and  8 

inehea.     If  a 

power  of  Icwt. 

bo  applied  to  i 

the  circumf 

of  the  first 

wheel. 

vhat  weight  irill  il  be  able  to 

^nee  of  the  axle,  ■ 

or  last 

ahnft? 

61.  The  nu 

imber  of  teetb  ii 

1  eaeh  of  thr. 

e  whei 

ila  is  144,  Bi 

ad  tha 

namber  of  tei 

sth  in  ea«h  of  thi 

1  ailes  or  pini 

eight  will  th 

chiDe  support 

on  lie  last  shaft  with  a  powi 

irofScwt. 

on  th< 

^  first  wheel 

The  Pulley. 

«!.  I.  .  „ 

stem  of  pullcjs, 

™u  in  fig. 

78,  the 

.  number  of 

able  pulleys  1 

d  the  weight. 

the  power 

500  lbs.,  a; 

od  the 

weight  of  the 

movable  hlocl:  a 

ng  30  lbs. 

63.  What  p 

ewer  at  P,  fig.  i 

7,  will  be  req 

uired  to  b( 

tlance 

a  weight,  W,  of  S 

jf  the  pulleys  being  a! 

Inclined  Plane. 


65.  On  an  inelined  plane,  whose  base  is  10  feet  and 

heigbt  3  fe 

let,  what  p. 

acting  parallel  to  the  base  will  balanee  a  weight  of  2 

tons? 

68.  What  power  is  required  t«  draw  a  train  of  ea 

g  40  tons, 

railway  grade  rising  1  foot  in  every  100  feet? 

The  Screw. 

67.  What  weight  can  be  raised  by  means  of  a  scrt 

!w  having 

ila  threads 

inob  apart,  by  a  power  of  160  Iba.  acting  at  a  distani 

■,B  of  6  feet 

,  from  the 

68.  Supposing  one-third  of  tbe  poirer  is  lost  in  overcoming  the  friction  o 
the  acrew,  what  power  will  be  required,  acting  3  feet  from  the  asis  of  the  screi 
to  raise  3  tons,  the  tJireada  of  the  screw  being  2  inches  apart  ? 

69.  What  power  at  the  winch  D,  fig.  B6,  is  required  to  raise  a  weight  of  2  tor 
at  Q,  if  tbe  radius  of  Ibe  axle  is  6  inches,  tbe  radius  of  the  wheel  3  feet,  tb 
distance  between  the  threads  of  the  screw  jl„  part  of  the  circumference  of  tt 
wheel,  sad  the  length  of  the  winch  D  B  ^  2  feet  ? 

Resistance. 
TO.  If  a  mass  of  iron  weighing  H  tons  slides  upon  iron  rails,  wuat  force  . 
required  to  stait  it,  and  how  much  to  keep  it  moving  afterwards? 

71.  If  a  steam  veesel  of  1000  tons  is  moved  through  the  wafer  at  10  miles  a 
hour,  by  on  engine  of  300  horsepower,  what  is  the  power  of  an  engine  require 
to'propel  another  vessel,  of  the  same  model,  of  2000  tons  at  the  same  speed  ? 

72.  If  a  ball,   6   inches   in   diameter,  is  discharged   from  a  cannon  at  tb 

throw  a  ball  of  donble  tbe  weight  with  the  same  velocity,  taking  into  accour 
the  resistance  of  the  air  and  tbe  dimecsioas  of  the  balls  ? 

73.  Itanengineof500horse-powerpropelsavesselof  1500  tons  12  miles  a 
hour,  at  what  velocity  will  on  engine  of  60O  horse- power  propel  a  veese!  of  200 
tOoa,  built  on  the  same  model  as  the  preceding? 
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146.  CoheBiOQ  and  Repulsion. — The  three  states  of  matter  (15) — 
the  solid,  liquid,  and  gaseous — exist,  as  is  assumed,  in  virtue  of  cer- 
tain forees  inherent  in  the  particles  of  matter,  and  called  moleevlar 
forces.  These  forces  are  either  allTadive  or  rfpulsiee,  drawing  the  par- 
ticles of  bodies  toward  each  other,  or  tending  to  separate  them.  In 
solids  the  attractive  force  greatly  overpowers  the  repulsive,  and  the 
partiolea  of  matter  become  therefore  relatively  fixed  at  certain  distances 
from  each  other— not  being  in  actual  contact,  but  having,  as  we  have 
seen  (23),  numerous  pores  between  them.  Heat  may  enlarge  and  cold 
diminish  these  pores,  and  with  them  the  sensible  niaguitude  of  the 
fwlid ;  but  the  integral  particles  of  the  solid  cannot  be  separated  with- 
out the  exercise  of  some  exterior  and  greater  force.  When  the  par- 
ticles of  a  body  are  not  separated  too  far,  they  return  again,  upon 
the  withdrawal  of  the  constraining  force,  to  their  original  position 
(Elasticity).  This  species  of  attraction  ejisting  between  particles  of 
the  same  kind  is  distinguished  by  the  term  cohesion  and  when  existing 
between  particles  of  an  unlifee  kind,  it  is  called  ad/ieaon 

Repulsion.— If  we  admit,  as  the  phenomena  of  porosity  demand 

(23),  that  in  spite  of  cohesive  attraction,  the  partiJes  of  bodie''  do  not 

iWtually  touch  each  other,  it  follows  that  there  must  exist  in  the  mole- 

oules  of  matter  a  second  and  coui  terbalaneing  force  opposed  to  cohesion 

12«  (109) 
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and — in  aolids — in  equilibrium  wilh  it.     This  force  is  called  i*pulsi<ni. 
We  shall  presentlj  revert  to  the  evidence  of  ita  action  on  matter. 

While  the  eiistence  of  theae  two  molecular  forces  is  in  many  cases 
capable  of  direct  proof,  the  exact  mode  of  their  action  is  chiefly  conjec- 
tural. It  h,  however,  certain  that  the  attractive  forces  act  only  at  insen- 
sible distances.  In  this  respect  the  molecular  forces  are  to  be  distin- 
guished from  gravitation, which  acts  at  all  distances.  Chemical  attraction 
is  also  diBtinguiehed  from  the  mechanical  forces  of  cohesion  and  adhesion, 
by  the  important  fact  that  its  exercise  is  invariably  attended  by  the 
loss  of  specific  identity  (7),  and,  of  course,  by  the  substitution  of  new 
qualities  in  the  compound  for  those  characteristic  of  ita  constituents. 

Since  the  force  of  grurit;  is  proportional  U>  Uie  mass,  and  inyereely  ai 
the  distanOB,  if  coboaion  vero  merely  the  atlja^tiun  of  gravitation  acting  at 
insensible  distances,  (lie  particles  of  a  bod;  situated  at  the  centre  of  gravity  of 
B  large  mass,  sbould  cohere  more  Btrongly  than  particles  at  a  distance  front  tbe 


.iallj  diffen 


rofora  conclude 


147.  Eiamples  of  coheaion  among  aolids. — Cohes 
destroyed  by  mechanical  violence,  is  not  usually  brought  ii 
agMu  by  mere  contact  of  the  separated  particlea.  Thus  the  broken 
fragments  of  a  glass  vessel,  or  of  a  stone,  do  not  reunite  at  ordinary 
temperatures.  Two  hemispheres  of  tarnished  lead  will  not  adhere  by 
tl    '    flat    urfa  e    by  m        p    s-  ^2 

Bu      but  f  tb       at  n      f        d 
i  by  a    1  a  p  ki  f 


and  the  t 
tlen    p 


urf 

d  tog  th       w  th    a 

n  h  og    D   t    n    th  y 

t    n  ly      A        g  d 


a  h   nd    I 


an  example  of  welding  at  c 
mon  temperatures,  a  prooeaa  suffi- 
ciently familiar  in  hot  iron.  Wax, 
dough,  india  rnbher,  and  other 
similar  substances,  ofier  eaamples 
of  a  like  nature,  provided  clean 
surfaces  be  pressed  together 
Dust,  or  other  foreign  bodies,  ^ 
prevent  this  inion.    Even  polished  glass  plates,  allowed  ti 
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in  contact,  if  perfa;tly  clean,  and  under  preiiure  have  been  known  to 
cohere  so  strongly  as  to  separate  by  fracture  in  any  other  direction 
sooner  than  in  the  line  of  juDctioo,  Bijle  dem(nstrat«d  that  this  feot 
is  not  accounted  for  bj  attributing  the  action  to  atmoapheric  pressure. 
He  suspended  a  pair  of  adhesion  plates  in  the  yacuum  of  an  air-pump, 
where,  in  the  absence  of  atmoapheric  pressure  it  required  still  a  oon- 
siderable  weight  to  detach  the  surfaces 

Adhesion  is  dislinguinked  from  cohesion,  by  the  fa<,t  that  while  the 
latter  occurs  between  particles  ofa  like  kind  prod ul in g  homogeneous 
bodies,  the  former  tiikes  place  between  partioles  of  unlike  kinds,  pro- 
ducing heterogeneous  bodies.  Glue  binding  together  pieces  of  wood  is 
an  example  of  adhesion.  This  species  of  mechanical  attraction  is, 
however,  seen  in  its  most  important  relations  in  the  curious  phenomena 
of  capillarity,  to  be  discussed  hereafter. 

The  terms  cohesion  and  adhesion  are  often  used  interchangeably, 
and,  when  the  distinctions  here  pointed  out  are  borne  in  mind,  no  evil 
will  arise  from  this  use  of  terms. 

The  force  of  cohesion  among  the  particles  of  solids,  -when  exerted 
under  favorable  conditions,  produces  the  regular  forms  of  crystals,  to 
■which  we  shall  presently  revert. 

148.  Cohesloii  in  Uqnids  and  between  liquid  gases  and 
solids. — The  force  of  cohesion  in  liquids  gives  the  spherical  form  lo 
drops  of  rain  and  dew,  and  rounds  the  drop  of  water  suspended  from 
the  end  of  a  glass  rod.  If  two  drops  of  water  or  any  other  liquid 
approach  each  other  near  enough,  they  unite  V>  form  a  larger  spherical 
drop.  A  soap-buhble  is  only  a  large  hollow  sphere  of  water,  whose 
outer  film  of  liquid  assumes  and  preserves  its  spherical  form  in  virtue 
of  cohesive  attraction  and  the  laws  of  liquid  equi-  ^^^ 

librium.  The  soap,  while  it  adds  to  the  viscous  con- 
dition of  the  water,  really  diminishes  its  cohesive 
force,  as  was  shown  by  Prof.  Henry.  The  force  of 
cohesion  in  water  may  be  directly  measured  by  s 
pending  a  counterpoised  disk  of  glass  or  melal  from 
a  scale  pan,  fig.  92'  adjusted  to  allow  the  disk  just  to  \ 

touch  the  surface  of  the  water.    The  weight  required   '  ^^^""         

in  the  opposite  pan,  to  separate  the  disk  from  the  water,  then  becomss 
the  measure  of  cohesion  among  the  particles  of  water  forming  the  onter 
eirele  rf  contact. 

By  this  means  Gay  Lussac  found  that  a  disk  of  4-362  inches  in 
diameter  required  S82  grains  to  separate  it  from  water,  while  from 
alcohol  (density  0*819)  and  spirits  of  turpentine,  47883  and  525 
grains  respecB.velj ,  produced  separation ;  all  being  at  the  temperature 
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af46°Pahr.  The  thickceaa  and  materialof  the  disk  male oodifferencB 
in  the  result,  shovFing  that  the  force  of  cohesion  was  the  only  force  to 
ba  overcome,  and  that  this  force  was  eserted  at  a  distance  less  than  the 
thickness  of  the  film  of  liquid  necessary  to  moisten  the  surface  of  the 
disk.  It  1b  also  evident  that  the  weights  obtained  do  not  represent  the 
whole  cohesive  force  in  each  case,  since,  from  tJie  oireumstances  of  the 
trial,  it  can  be  only  the  outer  circle  of  particles  whose  cohesion  is  over- 
come, and  this  being  the  largest  circle,  each  succeeding  row  or  line 
of  particles  yields  readily  to  the  same  force. 

Between  liquids  and  solids  the  force  of  adhesion  is  modified  by  tha 
phenomena  of  capillarity  and  surface  attraction. 

Bet-neen  gases  and  solids  cohesion  is  seen  to  exist  nfaen  we 
attempt  to  wet  the  polished  surface  of  a  steel  blade,  or  a  clean  surface 
of  glass,  with  water.  The  liquid  fails  to  wet  the  polished  surface  of  the 
metal,  &c.,  owing  to  the  film  of  air  adhering  ia  it,  due  to  the  attraction 
of  the  solid  for  the  air.  If  the  blade  is  slightly  heated,  or  its  surface 
is  roughened  mechanically  or  by  acids,  this  film  of  air  is  removed,  and 
the  blade  is  then  welted.     (See  Smee'a  battery :  Electricity.) 

Gases  do  not  manifest  cohesion  among  themselves,  because  the  repul- 
sive force  overcomes  it,  but  numerous  eiamples  of  its  eserciae  may  be 
quoted  besides  that  just  named.  The  bubbles  of  gas  escaping  from 
aerated  waier  adhere  to  the  sides  of  a  glass  vessel  from  this  cause. 
But  above  all  is  this  seen  in  the  power  of  recently  ignited  charcoal  to  ab- 
sorb and  retain  gases.  Owing  to  its  numerous  sensible  pores,  charcoal 
presenta  a  very  large  surface  in  a  small  space.  The  more  compact  the 
wood  the  more  numerous  are  these  pores,  and  the  more  remarkable  the 
consequent  absorption  of  gaa.  Different  gases  are  also  very  differently 
absorbed  by  it,  depending  on  their  condensibility  and  solubility.  Thus, 
while  only  four  or  fire  volumes  of  common  air  are  absorbed  by  charcoal, 
thirty  volumes  of  carbonic  acid,  and  eighty  or  ninety  volumes  of  am- 
monia or  chlorohydric  acid  gas,  are  absorbed  by  charcoal  recently 
ignited.  This  curious  and  important  property  is  easily  illustrated  over 
the  mercurial  trough,  by  using  glass  cylinders,  filled  with  the  various 
gases,  to  cover  bits  of  charcoal  placed  on  the  mercury — the  absorption 
ci'mmcncing  at  once  and  advancing  gradually  for  some  hours. 

We  will  consider  the  action  of  molecular  forces,  j?ra(,  between  mole 
coles  of  the  same  kind,  and,  second,  when  acting  between  molecules  of 
onlike  kinds,  to  which  are  referred  the  phenomena  of  capillaritj. 
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CHAPTER  II. 

OF  SOLIDS. 


^  1.    Properties  of  Solids. 

119.  The  characteristic  properties  of  solids,  now  to  be  con 
Hidered,  are,  1.  Crystalline  Form  ;  2.  Elasticity  ;  3.  Resistance  to  Frac- 
ture (including  Strength  of  Materials) ;  4.  Hardness,  and  5.  Those 
properties  dependent  on  a  permanent  change  in  the  arrangenieut  uf  the 
molecules — as  Ductility,  MaUoability,  Temper,  &c. 

150.  Structure  of  solids. — In  solids  tJie  particles  of  matter  are 
hold  in  fired  relation  to  each  other  by  the  molecular  forces  (146).    The 


relative  dispo 


Q  of  the  molecules,  or  of  their  groups,  constitutes  what 


is  called  struclure  in  solids.  This  structure  may  be  either  symmetrical 
or  regular,  as  in  living  beings  and  crystals,  or  amorphous,  as  in  most 
rocks  and  many  other  substances. 

There  exists  in  nature  a  plan,  which  cannot  be  mistaken,  to  combine 
matter  in  complete  and  symmetrical  wholes.  The  bodies  of  aoimals 
consist,  usually,  of  two  equal,  (or  nearly  equal),  and  similar  sets  of  limbs 
and  organs,  one  on  the  right  and  one  on  the  left  side.  The  organs  of 
mostfloweringplantsaresirailarlyand  regularly  arranged  in  whorles  of 
three  members  as  in  the  lily  or  oi  Jiee,  as  in  the  rose,  or  in  soaie  other 
pi         mb  il  th         me  law  is  beautifully  exemplified  in.  the 

a  t    f  th    1  d  branches  of  all  plants  and  trees  (phyllo- 

ta  y)      I     th  mid    egetable  world,  the  laws  which  direct  the 

a,„        t   n     f  matt  e  those  of  Vitality,  and  it  is  observed  thai 

ml     f  th     f    m     tbu    produced  are  bounded  b;  curved  lines  and 

I    th  g  1  f  1    s  -world  different  laws  are  in  force,  and  in 

th     1     d     t  f      1  1     tl  e  atoms,   under  favorable  circumstances, 

a        g     h  m    1  f    m    which  are  angular  and  bounded  bj  plane 

eucfnoes.  The  geometiiLal  forms  thus  produced  are  analogous  to  the 
more  complicated  results  of  vitality  as  seen  in  animal  and  vegetable  life. 
These  forms  are  called  crystals,  and  the  laws  governing  the  aggrega- 
tion of  matter  into  such  forms,  are  called  the  laws  of  cryatallizalion. 

When  solids  8(e  formed  in  a  manner  unfavorable  to  the  regular 
HctioQ  of  the  ml'.ecular  forces,  the  regular  forms  of  crystals  are  not 
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produced,  but  a  mass  whioli  has  perhaps  some  traces  of  crystalline 
structure  (as  in  marble),  or  which  is  entirely  aruorphou 8(152),  according 
as  the  act  of  aolidiSeation  has  been  more  or  less  disturbed.  Thus,  io 
granite  we  easily  detect  the  crystalline  structure  of  some  of  the  con- 
Btituents  closely  aggregated,  while  in  slates  and  many  mechanical 
rocks  no  traces  of  crystalline  structure  can  be  seen. 

§  2.   Crystallography. 

151.  Conditions  of  crystallization. — In  order  that  crystals  may 
form,  it  is  a  necessary  condition  that  the  molecules  of  the  body  to  be 
crystallized  should  have  freedom  of  motion  among  themselves,  and 
ample  time  to  arrange  themselves  in  accordance  with  the  force  of  crys- 
tallogenie  attraction.  These  conditions  may  be  met  in  either  of  the 
following  methods :  1.  By  solution ;  2.  By  fusion ;  3.  By  sublimation 
or  eraporation ;  or,  4.  By  electrical  or  chemical  decomposition. 

(a)  By  solution. — Many  solids  dissolve  in  water ;  thus  most  salts,  a.s 
common  salt,  Epsom  salts,  saltpetre,  borai,  alum,  &a.,  form  a  clear 
solution  in  water,  in  which  all  crystalline  attractions  are  subordinated, 
until  by  gradual  evaporation,  or  by  cooling  from  a  saturated  hot  solu- 
tion, the  several  salts  reappear,  each  in  its  own  appropriate  form. 
Sulphur  and  phosphorus  also,  dissolved  by  heat  in  bisulphid  of  carbon, 
crystallize  by  the  cooling  of  the  solution.  Some  substances  are  equally 
soluble  in  cold  or  in  hot  water,  and  crystals  are  obtained  from  their 
solutions  only  by  evaporation,  with  or  without  the  aid  of  heat. 
Common  salt  is  an  example  of  such  a  Bubatanee;  when  93 

evaporaWd  verj  gently,  as  by  solar  heat,  perftat  cubes        i^S  t 

irregular  eryatolline  grains  result.     Snmatiniea  the  float-  ^^^  t 

Ing  cryelaU,  as  tboj  grow  .in  weight  continually,  but  ^^^         ■  ' 

slowly,  sink,  giving  rise  to  the  curious  hopper-shaped      ^^ 
forms  seen  in  fig.  S3. 

Alumma  dissolves  in  melted  boraeio  acid,  and  the  solution,  exposed, 
for  a  time  to  the  highest  heat  of  a  porcelain  furnace,  loses  the  boracio 
acid  slowly  by  evaporation,  and  the  alumina  crystallizes  as  rubies  or 
sapphires.  Many  other  gems  have  thus  been  obtained,  of  microscopic 
size,  by  M.  Ebleman,  by  solutiaa  in  boraoic  or  phosphoric  acids,  or 
their  salts,  at  a  high  beat. 

{b)  By  fusion. — By  melting  sulphur,  bismuth,  and  many  other  sub- 
stances, in  crucibles,  and  allowing  them  to  cool  very  slowly;  when  a 
crust  has  formed  on  the  surface  it  is  pierced,  and  the  contents  remain- 
ing Suid  are  turned  out,  the  interior  cavity  is  found  lined  with  crystals 
of  the  substance  experimented  oa. 

(c)  By  svihlimalion. — By  heat  maiiy  substances  rise  in  vapor,  and  on 


db,  Google 


CETSTALLOQRAPHY. 


115 


aooliDg  ^aio,  in  a  proper  receptacle  c 
line  furms — camphor,  sulphur  arsenic 
mouiac,  &c.,  can  be  thus  crjBtailixed 

(d)  By  eleclrkal  or  chemical  decompositioit  — Bj  adding  lo  a  solution 
of  aome  substiinoes  some  other  dissolved  bodj,  which  causes  the  first 
to  become  insoluble,  a  crystalline  powder  flen  falls  (this  is  true  in 
most  eases  of  precipitation),  due  to  the  formation  of  a  new  compoucJ, 
of  a  less  solubility  than  either  of  the  substances  employed.  The  crystals 
af  metals,  e.  g.  of  copper,  gold,  silver,  &c.,  are  easily  formed  by  the 
processes  of  electro-metallurgy. 

152.  Amorphlsm. — Amorphism  is  that  state  of  a  solid  in  which 
there  is  no  trace  of  a  crystalline  structure;  examples  of  sach  a  state 
are  seen  in  common  glass,  gon-flint,  wax,  obsidian,  sugar-eandy,  &;, 
An  amorphous  body,  having  no  planes  of  cleavage,  is  broken  in  one 
direction  aa  easily  as  in  another.  Bodies  are  generally  more  soluble, 
less  hard  and  dense,  \a  the  amorphous  than  in  the  crystalline  state. 

An  amorphous  body  may  be  produced  in  a  number  of  ways  ;  for 
example,  by  fusion,  as  in  the  case  of  glass  ;  by  evaporation  of  solu- 
tions, as  those  of  the  gums  and  glue  in  water ;  and  by  precipitation 
from  their  solutions,  as  is  tlie  case  with  alumina  and  phosphate  of  lime. 

The  property  of  toughnesa,  seen,  na  for  example,  in  emery  (amorphous  oorun- 
tbe  nmorphous  than  in  the  crystalliae  varieties  of  these  miaerats. 

153.  Crystalline  forms.  Definitions. — The  crystalline  form!! 
assumed  by  the  same  substance  are,  with  certain  limitations,  always 
the  same ;  depending  on  the  nature  of  the  substance,  and  are  therefore 
esseittial  forms.  The  study  of  these  forms  and  the  laws  of  crystallogeny, 
reveal  to  us  all  that  we  know  of  the  ultimate' forms  of  matter. 

A  crystal  is  a  polyhedron,  and  the  terms  of  solid  geometry  are  used 
in  crystallography  without  change. 

fll  Seplacemeiit. — An   edge  or  angle  is  84' 

replaced  when  out  off  by  oni 
secondary  planes.     Fig.  94,  ii, 

l^'uncation. — An    edge   or   angle   is 
11  truncated  when  the  replacing  plane  is 
r  equally  inclined  to  the  adjacput  faces. 
Fig.  94. 

Bevelm^. — An  edge  is  beveled  when  replaced  by  two  planes  whiob 
are  respectively  inclined  at  equal  angles  to  the  adjacent  faces  t2  i2,  fig. 
94'.  Truncation  and  beveiment  can  only  occur  on  edges  formed  by  the 
meeting  of  equal  planes. 
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TTit  axes  of  a  crystal  are  imaginary  lines  paBsing  through  its  centre, 
and  about  which  two  or  more  faces  are  symmetrically  arranged.  Tliej 
connect  either  the  centres  of  opposite  faces,  fig.  95,  or  edges,  fig.  96,  or 
the  apioes  of  opposite  solid  angles,  6g,  97,  or  of  both  edges  and  angles, 
fig.  98. 

95  06 


0     ^ 

l» 

■' 

:  '' 

Three  axes  are  employed  for  the  difiereat  systems  in  crystallography 
(eicepting  the  sixth,  fig.  114),  whose  length  may  be  equal,  or  only  two 
alike,  or  all  unequal ;  they  may  also  be  at  right  angles  to  each  other,  or 
oblique. 

A  pi'ism  is  a  column  having  any  number  of  sides.  In  crystal- 
lography we  have  four  and  six-sided  prisms,  which  may  be  either  right 
prisms,  that  is,  erect ;  or  oblique  prisms,  that  is,  inclined. 

Four-sided  prisma  occur  of  a  number  of  kinds ;  their  bases  may  be 
either  square,  rectangular,  rhombio,  or  rhomboidal.  If  the  base  is  a 
square,  or  a  rectangle,  and  the  prism  erect,  the  eight  solid  angles  are 
equal  and  rectanyular;  the  edges  are  twelve,  and  may  vary;  for 
example, 

A  cube  is  bounded  by  six  equal  sides  (the  lateral  sides  being  equal 
to  the  bases),  and  the  twelve  edges  are  all  equal,  fig.  95. 
100 


A  Tight  square  prism,  fig,  99,  has  a  square  base  and  a  height  which 
may  be  either  greater  or  less  than  its  breadth ;  its  sides  are  equal 
rectangles,  the  eight  basal  edges  (four  at  each  base)  are  equal  to  each 
other,  but  differ  from  the  four  lateral  edges. 

A  right  reciangular  prism,  fig.  100,  has  a  rectangular  base,  and  aide* 
also  rectangular,  the  opposifes  only  equal ;  two  edges  at  each  base  dif* 
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fer  from  the  other  twj,  while  the  lateral  edgaa  are  also  diEFereot;  henos 
there  ore  three  sets  of  edges,  four  in  each  set. 

The  base  maj  also  be  a  rhomb  or  rhomboid. 

A  right  rhombic  prism,  fig.  101,  has  a  varying  height  and  &  rhombia 
base.  Its  plane  angles  are  two  obtuse  and  two  acute,  icitli  correspond- 
ing solid  angles  and  lateral  edges ;  the  four  lateral  faces  are  reetangles, 
and,  like  the  basal  edges,  are  equal. 


J 


An  oblique  rhombic  prism,  figs,  102,  103  (fig.  102  a  front  view,  and 
fig.  103  a  Bide  view)  ;  has  a  rhombic  base  and  a  varying  height,  the 
lateral  faces  are  rhomboids.  The  lateral  edges,  like  the  basal  edges, 
have  two  acute  and  two  obtuse  angles.  When  the  height  is  equal  to 
the  breadth  the  form  is : — 

A  rhombohedron,  fig,  98,  composed  of  sii  equal  rhombic  faces. 

A  righi  rhomboidal  prism  has  a  rhomboldal  base  and  a  varying 
height,  only  the  two  opposite  sides  and  angles  are  equal,  the  lateral 
Motangnlar  faces  correspond  (o  the  basal  edges ;  the  opposites  only  are 
equal.     This  form  is  similar  to  fig.  101. 

An  oblique  rhomboidal  prism,  fig.  104.  has  a  rhomboidal  base  and  a 
varying  height.  The  lateral  faces  are  rhomboids.  The  edges  of  each 
base  are  of  four  kinds ;  for  two  opposite  are  longer  than  the  other  two, 
and  of  each  pair,  one  is  obtuse  and  the  other  acute.  In  this  solid, 
therefore,  only  diagonally  opposite  edges  are  similar,  and  only  opposite 
solid  angles  are  equal. 


Ah  hexagonal  prism,  fig.  103,  is  an  erect  sis-sided  prism. 
An  octahedron  has  eight  triangular  faces;  its  form  is  lilce  two  fonr 
lided  pyramids  -inited  base  to  base.     Three  octahedrons  are  described 
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The  regular  ocHltedTon,  fig.  106,  has  a  square  base  and  eight  fjices, 
equilateral  trianglea ;  ita  solid  angles  are  sis,  and  equal,  as  also  are  ita 
twelve  edges.  The  plane  angles  are  60°,  the  interfaeial  angles  are 
109°  28'  16''';  this  solid  is  Bjmmetricai,  like  the  cube. 

The  right  square  octahedron,  flg.  107,  has  a  square  base,  but  a  yerti- 
oal  height,  greater  or  less  than  iu  the  regular  octahedron.  Its  faces 
are  equal  isosceles  triangles.  Its  basa!  edges  are  equal  and  similar, 
but  they  differ  id  length  from  the  eight  equal  pjramidal  edges.  The 
vertical  solid  angles  difier  from  the  basal 

The  Tight  rhombic  octahedron,  fig.  108,  haa  a  rhombic  base  and  » 
varying  Iieight;  its  faces  are  equal  triangles;  the  basal  edges  are 
equal ;  the  plane  angles  of  the  base  and  the  pjramidal  edges  are  of 
two  kinds,  two  obtuse  and  two  acute. 


The  rhombic  dodecahedron,  fig.  109,  is  bounded  by  twelve  equal 
rhombs;  it  has  twenty-four  similar  edges,  and  fourteen  solid  angles; 
they  are  of  two  kinds ;  Eight  obtuse,  formed  by  the  meeting  of  three 
obtuae  plane  angles,  and  sis  acute,  formed  by  the  meeting  of  four  acute 
plane  angles. 

154.  SyBtems  of  crystals. — There  p 

ducing  the  same  number  of  systenia  o  mm 

metrical  arrangement  of  planes  about  t 

monometrio,  dlmetrie,  trimetrio,  monoc  d  h       g     al 

systems. 

(a)   The  monomelric  ayslem  {from  mo  a  d  mt  m  as       ) 

includes  the  cube,  fig.  95,  the  regular  oc 
dodecahedron,  fig.  109.     Each  of  these 


fig 


Note— In  atudjin 


eubjeat,  tte  pup 


easilj'  mnnnged  than  ahs,lk  or  wood,  and  n« 
forma  and  cards,  with  the  outlines  of  the 
up,  are   furnished   cheaply  b;  tlie  German 
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being  equal  id  height,  leogth,  and  breadth.  Their  axea  are  three  in 
cumber,  of  equal  length,  and  at  right  angles  to  each  other.  In  the 
cube,  the  axes  connect  the  centres  of  oppoaite  faues,  in  the  octahedron, 
the  apices  of  opposite  solid  angles,  and  in  the  dodecahedron,  the  apicee 
ff  opposite  acute  solid  angles.  The  relation  of  the  ases  in  these  solids 
to  each  other,  maj  be  understood  bj  deriving  one  form  from  the  other. 
If  in  the  cube  (its  faces  are  indicated  by  o)  we 
eight  solid  angles,  fig.  110  is  first  produced,  and  a: 
ceuds,  fig.  Ill,  and  finally  a  perfect  octahedron.  It  wiil  be  noticed  that 
Iha  centres  of  o,  the  ends  of  the  axes  in  the  cube,  correspond  to  the 
apices  of  the  solid  angles  in  the  oetahedron,  which  are  also  the  ends 


(6)  The  dimetrie  syslem  (from  dis,  two-fold,  and  metron,  i 
includes  the  square  prism,  fig.  99,  and  square  octa- 
hedron, fig.  107,  bearing  the  same  relation  to  each  other 
as  the  cube  does  to  the  regular  octahedron.  In  t 
system  there  are  three  ases,  all  at  right  angles  to  each  | 
other,  but  only  the  two  lateral  are  equal,  the  third,  o: 
vertical  axis,  being  of  varying  length.  In  the  priam 
the  axes  connect  the  centres  of  opposite  faces,  in  the 
octahedron  the  apices  of  opposite  solid  angles.  If  a  square  prisin 
has  each  of  its  solid  angles  truncated,  we  shall  have  first,  fig,  112,  and, 
finally,  the  square  octahedron  is  produced. 

(c)  Tki  trimeiric  system  (from  iris,  three-fold,  and  metron,  meaeure), 
includes  the  rectangular  prism,  fig.  100,  the  rhombic  prism,  fig.  101, 
and  the  rhombic  octahedron,  fig.  108.  Each  of  these  forms  has  its 
three  ases  at  right  angles  to  each  other,  and  all  are  unequal  in  length. 
In  a  rectangular  prism  (the  base  a  rectangle),  the  axes  connect  the 
santrea  of  opposite  faces.  In  the  rhombic  prism  (base  a  rhomb),  the 
vertical  axis  connects  the  centres  of  the  bases,  the  two  lateral  axes  con- 
nect the  centres  of  opposite  edges.  In  the  rhombic  octahedron  (base 
a  rhomb)  the  axes  connect  the  apices  of  opposite  solid  angles. 

[d)  The  taonodinic  system  (from  monos,  one,  and  kliyio,  to  incline), 
includes  the  right  rhomboi  lal  prism,  fig.  101,  and  the  oblique  rhombio 
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prieni,  fig.  102.     In  this  systom   the  three  axes  are  unequal,  tlie  tW4 

Interal  a£«s  are  at  right  angles  with  one  another,  the  vertical  is  incliQed 

to  one  of  the  lateral  axes  and  at  right  angles  with  113 

the  other.     In  t!ie  right  rhomboidal  [ 

connect  the  centres  of  opposite  faces.    In  the  oblique   , 

rLombic  prism  the  vertical  axis  connects  th 

of  the  bases,  and  the  two  lateral  axes,  the  c 

opposite  lateral  edgea.     The  truncation  of  the  lateral 

edges  of  one  prism  finally  produces  the  other. 

relation  of  these  prisms  to  each  other  is  seen  in  fig.  103. 

{«)  The  tridinic  system  (from  jm,  three,  and  klino,  to  incline), 
includes  the  oblique  rhomboidal  prism,  fig.  104.  All  the  axes  are  un- 
equal  and  oblique,  the  vertical  axis  connects  the  centres  of  the  bases ; 
the  lateral  axes  connect  the  centres  of  the  lateral  edges, 

[f)   The  hexagonal  system  includes  the  hexagonal  IH 

prism,  fig.  105,  and  rhombohedron,  fig.  114.     In  the 
hexagonal  prism,  fig.  105,  the  vertical  axis  connects 
the  centres  of  the  bases,  the  three  lateral 
the  centres  of  opposite  lateral  faces  or  edges,  a 
each  other  at  an  angle  of  60°,  at  right  angli 
vertical  axis. 


Bqnul  obtuse  dt  i 


angles  is  cilted  the 


0  diHgonall;  oppoeite  solid  angles 
acut«  plane  angles;  the  diagonal  * 
Ttical  Biis;  placed  with  this  axis  ii 


Placing  the  rhombohedron  in  position,  if  w«  n 
placing  them  by  plaoes  parallel  to  the  vertical 
produced  a  regular  heiagonal  prism,  torminatod  1 
pyramids.     If  their  vertical  solid  angles  are  also 

agonal  prism  three  alternate  basal  edges,  and  at 
tremity  also,  three  edges,  alteinatiDg  xith  the  Gi 
tn  fig.  115,  wid  Dontiaue  tha  removal  until  the  1 


angles  from  the  heiagonal  prism.  When  the  plane  angles  forming  the  vertieal 
SDlid  angles  are  obtuse,  tbe  rhombohedron  is  called  obtuse,  and  if  s.cute,  the 
solid  is  called  an  acute  rhombohedron. 

155.  Modified  foims..— If  bodies  in  crystallizing  assumed  only  the 
fundamental  forms,  there  would  be  but  comparatively  little  variety 
and  beauty  in  crystalline  solids ;  it  is  to  the  modification  of  the  fonda- 
mtutal  forms  that  vre  one  that  endless  variety  of  crystalline  figures 
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which  ire  observe  in  nature,  nnd  that  are  produced  in  the  laboratory. 
These  modified  forms  are  called  secondary  or  derivative  fi  ttas,  and  are 
produced  by  the  replacing  of  the  edges  and  angles  of  the  fundamental 
forms  by  planes,  which  are  called  secondary  planes.  The  modifica- 
tions of  crystals  take  place  according  to  tvro  simple  laws. 

1st.  All  the  similar  parla  of  a  crystal  may  be  simuUmieouslii  and  sim^ 
larly  modified  The  forms  thus  resulting  are  called  holohedi  at  forms 
(from  Aolos,  whole,  and  edra,  face) 

2d.  HidfOie  similar  patts  of  a  crystal  may  be  aimidlantously  aad 
similarly  modified  The  forms  thus  resulting  are  called  kemihtdral 
forms  (from  Ttemiha,  half  and  (dra,  fa^e) 

[It  19  be;and  tlie  design  of  this  elementarT  nork  to  enter  into  more  detail 
eoDCBrnlng  Vae  different  systems  of  cTjst^lngrapb;  and  of  mod  fled  iastai 
For  further  infcrmatua  the  student  is  referred  to  Dnnaa  Mineralogj,  from 

156.  Compound  crystals  — Sometimes  we  find  two  or  more  crystals 
united  regularly  and  ijmmetrically  together  The  form  if  umposed 
of  two  individuals,  is  called  a  twin  crystal.    Fig.  116  is  a  simple  crystal 


of  gypsum  ;  if  it  be  hi  ected  along  the  imaginary  line  a  b,  and  the 
right  half  be  inverted  and  appl  ed  to  the  other  half,  it  will  form  fig. 
117.    If  an  octahedron  as  fi^,  11'*  be  bisected  through  the  dotted  line, 


tiDd  the  upper  half  revolved  half  way  around  be  then  united  to  the 
lower,  it  produces  fig.  119.    BoU   figs.  117  and  119  are  twin  crystals. 
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The  imaginary  axis,  on  which  the  revolution  of  half  the  crystal  m 
made,  is  termed  the  axis  of  revolution  and  t!ie  imaginary  section,  the 
plane  of  remlution.  Compound  crjatals,  composed  of  more  than  two 
individuals,  are  frequently  observed,  as  in  the  case  of  the  snow-flake,  a 
not  unaaual  form  of  which  is  represented  by  fig.  120,  composed  of  sis 
crystals  meeting  at  a  point,  or  of  three  crossing  each  other  at  an  angle 
of  60".     Fig.  121  represents  a  compound  crystal  of  chrysoberyl. 


157.  Cleavage. — By  the  appli 
we  observe  that  they  often 
polished  surfaces.     The  producti 


in  of  mechanical  force  to  crystal' 
t  in  oertwn  directions,  ;«aving  even  and 
Dch  surfaces,  in  causing  the 
separation  of  the  particles  of  the  crystals,  is  called  their  cleavage;  the 
planes  along  which  the  separation  takes  place  are  called  cleavage  joints. 
Cleavage  is  often  obtained  witli  great  ease,  as,  for  example,  with  mica, 
which  may  be  separated  by  means  of  the  fingers  into  thin  leaves. 
Galena,  also,  cleaves  easily,  and  as  the  three  cleavage  planes  are  at 
right  angles  to  each  other,  a  cube  results.  Calc  spar  splits  in  three 
oblique  directions,  and  thus  a  rhombohedron  is  obtained ;  while  in  floor 
spar  a  cleavage  of  its  solid  angles  produces  an  octahedron.  The  clear- 
age  of  many  crystals  is  obtained  with  great  difficulty,  as,  for  esample, 
in  quarts  and  tourmaline ;  in  others  no  cleavage  can  be  produced, 
owing  to  the  strong  cohesion  among  the  laminie.  In  some  crystals  but 
one  cleavage  is  visible,  as  with  mica ;  several  have  two ;  others  three, 
as  galena  and  calc  spar;  fluor  spar  has  four,  blende  has  sis,  while 
others  have  even  more.  We  obtain,  by  the  cleavage  of  a  crystal,  some 
one  of  the  thirteen  fundamental  forms.  Varieties  of  the  same  mineral 
have  the  same  cleavage.  Cleavage  occurs  parallel  to  the  faces  of  the 
fundamental  form  or  ilong  the  diagonals  ;  the  facility  of  cleavage  and 
lustre  of  the       f  Iw  y    the  same,  parallel  to  similar  faces, 

158.  Dete  m  nat  on  of      ystalline  forma. — In  order  to  determine 
a  crystal,  it  i  tit        f  r  it  to  the  system  to  which  it  belongs, 

and  to  determ        tl  1 1    f  rms  of  which  it  consists,  with  the  rela 

tive  lengths  a  d  o  I      t         f  the  axis. 

I  3    Elaatictty. 

.Elasticity,  already  mentioned  as  one 
I  peculiar  importance  in  solids,  because 
I  tensity  of 
compression   and   ex- 
shown  in  the  effort  of  a  com- 
Tcr  from   its  forced   state  of 


159.  Elaati  ity  I 
of  the  propert  f 
it  is  itself  am  „  f  ,  nd 
other  forces.  All  bodies  offer  a 
tension,  which  is  due  b)  elasticity, 
pressed  spring,  or  a  bent  bow,  t 
Dexion. 

Tension,  flexure,  and  torsion 


e  evidence  and  measure* 
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of  the  force  of  elaatJcity  in  solids ;  while  in  fluids  eoaipression  is  the  only 
evidence  of  ita  presence,  and  hence  compressibility  alone  is  a  general 
property  of  matter. 

Every  body  has  a  limit  of  daatieity  beyond  whiot  it  cannot  be  car- 
ried without  a  permanent  derangement  of  its  particlea,  or  fracture.  A 
perfectly  elaatie  body  is  one  which  returns  completely  to  its  original 
form  when  pressure  is  removed ;  and  every  body  does  this,  each  -within 
its  own  limit  of  elasticity.  Hence  every  body  may,  in  a  restricted  sense, 
be  said  to  be  perfectly  elastic.  The  return  of  an  elastic  body  to  its 
primitive  position  ia  usually  made  with  several  oscillations,  called  oidl- 
laliona  of  elastieity.  This  is  familiarly  seen  in  the, recoil  of  a  bent  blade 
or  spring  of  steel. 

It  ia  Bvidont  tbat  in  bending  the  ateel  its  moleonlea  B,re  deranged  from  their 
position  of  equilibrinm  by  compreaBion  on  one  side  and  eiWnsion  on  the  other, 
and  tbat  it  ia  the  force  with  wbieb  thej  lend  to  replaoB  themselves  which  pro- 
duces the  elaaticit;  of  the  blnde. 

There  ia  a  similar,  although  lesa  perceptible,  change  of  figure  in  an  ivory  ball, 
which,  dropped  upon  a  hard  aurfaco,  will  rebound  nearly  to  the  height  from 
which  it  fell.  It  doea  not  immediately  recover  its  apharical  ahape,  hot  is  for 
■everal  times,  aitomately,  an  oblate  ond  prolate  spheroid. 

160.  BlaflUcity  of  tension  and  compression.— By  tension  is  to 
be  understood  the  action  of  a  force  eierted  in  the  direction  of  the  length, 
of  a  wire,  for  example.  The  laws  of  elasticity  of  tension  have  been  es- 
perimen tally  deduced,  by  suspending  weights  from  the  lower  end  of  a 
rod  or  wire,  aust^  d  t  t  p  ly  fim  ip  t.  The  elongation  occa- 
sioned by  eafih  add  t  f  w  ght  m  d  by  a  telescope  mounted 
on  a  graduated  b  p  11  1  to  th  w  (he  apparatus  is  called  a 
catAetometer].  If  th  1  m  t  f  I  t  ty  t  passed,  the  rod  or  wire 
returns  to  its  origi  1 1  gth  g  th  weights ;  but  if  the  strain 
is  continued  too  long  t  g  t  t  brought  to  bear,  a  per- 
manent change  of  length  res  Its,  Wh  th  limits  of  elasticity  are  not 
passed,  the  following  laws  are  developed  by  this  mode  of  esperiment. 

1.  For  the  same  substance  the  elongation  caused  hy  each  unit  of  tension 
is  the  same,  tohatever  may  have  been  the  origijial  tension.  Thus,  with  a 
wire  loaded  with  ten  or  twenty  pounds,  the  elongation  for  each  succes- 
aive  pound  is  the  same  as  for  the  first  pound. 

2.  The  elongation  is  proportional  to  the  tension  employed.  This  follows 
from  the  first  law,  and  signifies  that  if  the  rod  or  wire  is  elongated  one 
unit  by  one  pound,  it  will  be  elongated  ten  units  by  ten  pounds,  &c. 

3.  The  elongation  with  a  given  tension  ia  proportional  ia  the  length  of 
the  rod.  That  ia  to  say,  if  a  rod  of  a  given  length  ia  elongated  a  unit 
of  length  by  a  given  tension,  a  rod  two  units  long  is  elongated  twice  as 
much  by  the  same  teosion. 
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4.  The  elongation  is  inKtraely  proportional  to  ihearea  of  the  section  of 
the  rod.  That  is,  if  of  two  rods  of  the  game  substaDce,  of  equal  length, 
and  sulijcot  to  the  same  tension,  one  has  twice  tie  area  of  the  other,  it 
will  be  elongated  only  half  as  much. 

Expericuent  haa  shown  that  iu  the  caseof  theconipression  of  a  metallic 
hnr,  or  rod,  in  the  direction  of  ita  length,  bj  an  endwise  force,  the  bar 
is  shortened  just  as  much  as  it  would  be  lengtiened  if  the  same  force 
had  been  used  to  stretch  it.  Hence  the  laws  for  tlie  elasticity  of  com- 
preasioD  are  quite  the  same  with  those  for  tension. 

Ihese  laws  may  be  demonstrated  mathematically  as  well  as  experi- 
mentally,  but  it  is  not  requisite  here  that  we  should  do  more  than 
enunciate  and  illustrate  them. 

161  Coefflolent  of  elasticity. — From  the  laws  of  elasticity,  of 
tension,  and  compression,  just  enunciated,  it  follows  that  the  elongation 
{I)  of  a  given  rod  is  proportional  to  a  constant  quantity,  C,  depending 
on  the  nature  of  the  substance ;  secondly,  to  the  weight,  W,  bj  which 
it  is  stretched;  thirdly,  to  its  length,  L;  and,  fourthly,  that  it  ia 
inversely  proportional  to  the  area  of  its  section,  S:  i.  e. 

1=  C.W.L.  4-; 


Putting  K-   ~jY  in  these  equatioi 
I-  —  —— 


''-  LW 

!,  they  become 


If  in  the  last  equation  we  make  l^  L,  and  S  =  1,  it 

The  quantity  K\b  called  the  coefficient  of  elasticity.  In  other  words, 
the  coefficient  of  elasticity,  in  any  homogeneous  substance,  is  equal  to 
the  weight  required  to  double  the  length  of  a  bar  of  that  substance 
having  a  given  area,  assuming  such  an  elongation  physically  possible, 
which  it  is  not,  unless  in  the  case  of  caoutchouc. 

We  are  indebted  to  Wertheim  for  most  of  our  experimental  knowledge 
of  this  subject.  The  following  table  shows  the  niean  coefficient  of  elas- 
ticity of  a  number  of  metals,  as  deduced  by  him,  with  various  weights, 
Kt  different  temperatures,  from  1°  to  392°  Fahrenheit. 
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Tilue  si  X 

•1  uis  K»e 

raure  sr.- 

I^^U"  F, 

"aof." 

HP-^F.  ,     1.^1-.     ,     ss;'?. 

Gold  hammered, 

9,351 

g,GI}3 

5,585 

5,408 

5,482 

Bayer  hammered. 

7,900 

7,411 

"       BDuealed, 

7,1*0 

6,374 

10,659 

10,239 

FUtinum  hammered. 

16,224 

15.647 

annealed, 

15,518 

Copper  hammered. 

13,052 

12,200 

"        BDoealed, 

10,519 

9,827 

7,862 

Iron-wire  (ordinary). 

17,743 

IS,613 

19,99o 

'■■       anneakd. 

20,794 

21,877 

17,700 

17,690 

13,045 

I8,B77 

EagliEh  Etecl-wire  annealed, 

17,278 

21,292 

19,278 

Caat-ateel  annealed, 

19,561 

19,014 

17,826 

Berlin-brass  hammered. 

9,782 

9,005 

An  iDBpection  of  tiiia  table  sho^s  that  the  coefficients  of  elasticity  of 
the  metals,  generallj  diminmh  as  the  temperature  rises  from  1°  to 
392°  F.  But  for  iron  and  Bteel,  the  coefficieots  augment  up  to  212°  F., 
and  then  diminiBti,  until  at  392°  F.,  they  have  the  same  tenacity  as  at 
common  temperatures. 

Wertheim  has  also  determined  hy  experiment  that  the  coefficient  of 
elasticity  in  the  metala  is  increased  by  all  means  which  produce  an 
increase  of  density,  and  decreased  by  the  contrary  means.  He  found, 
also,  that  the  passage  of  an  electric  current  in  a  conductor  momentarily 
diminishes  this  coefficient,  independent  of  the  alteration  of  temperature 
produced  by  the  electricity.  In  alloys  the  coefficient  is  nearly  the 
mean  of  the  coefficients  of  the  several  metals  compounded,  even  when 
there  is  a  difference  of  bulk  between  the  mass  of  the  alloy  and  tlie  sura 
of  its  ingredients. 

162,  Blaatiolty  of  flexure.— Let  A  B,  fig.  122,  be  a  rectangular 
beam,  fixed  horizontally  by  one  of  its  ends.  If  the  free  end  of  such  a 
beam  is  acted  on  by  any  force  tending  to  bend  it  in  the  direction  B  IK, 
the  ba*  will,  in  virtue  of  its  elasticity,  return  again  to  its  horiaontal 
position  whec  the  flexing  force  ceases  to  aat,  after  performing  &  certain 
number  of  oscillations. 

The  elasticity  of  flexure  is  due  chiefly  to  the  united   effect  of  the 


•The  roda  ei 


lojed  it 


!e  experiments  hod  eaoh  a 


;rotoh  the  rods  lo  doubli 
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elasticity  of  tension  an  I  cnmpressnn  For  the  molecules  on  the  upper 
Bide  of  the  curve  are  eiteDdcd  while  those  on  ita  uoier  f-nle  ire  com 
pressed,   and   the   united  effort  of  ,,, 

these  two  fortes — whicharaequal —  ^j. 


:   the 


s  first  ■ 


position.      The    coi 

straight  line  into  a  curve  as  m  this  |  V^d 

case,  is  also  aocoinpaDied  bj  a  dis  ^  '- 

turbaoce   in   the   equilibrium   of  the   moleoulea    independent  of  the 

change  due  to  then  separation  and  compression     and  such  a  change 

develops  elasticity 

The  l&ns  of  elasticity  ol  flsiara  on  comprised  in  tlie  falloning  formulsi 


In  wbieh  a  ia  the  aro  H  B',  deBOrihed  by  Ihe  flexnre ;    IT,  ii 

Beting  in  a,  perpendicular ;  b,  the  horixontal  breadth  of  the  bi 

I,  Iho  leDgth  of  the  bar,  and  D,  a  constant  quantity,  depending  on  the  nature  of 

tha  substance  used.     If  in  the  above  we  make  each  of  the  quantities  n,  b,  d,  and 

I,  eqnal  unity,  it  follows  that  7>  =  W,  or  Z),  is  a  weight  which  will  bend  a  given 

of  aro  (say  one  degree).  This  quantity,  D,  ia  called  the  mtfficient  of  elasiicfty 
of  flexure,  and  in  any  case  the  value  of  a,  b,  d,  and  (,  being  known  eiperi- 
mentally,  the  value  of  D  is  readily  aecettained  by  calculation. 

If  a  beam  is  supported  at  ita  two  eslrcmities,  A,  B,  fig.  123,  and  the  weight  is 
applied  in  the  middle,  the  formula  becomes 


(2.)    If 


UDabfi 


LUd  I  the  dist 


The  following  laws  are  deduced  from  tlie  first  formula : 

1.  The  displacement  of  the  free  ead  of  the  bar  is  proportional  to  the 

This  is  equally  eyident  froni  the  experiments  of  Coulomb  and  from 
an  analysis  of  the  isuchronism  of  the  oscillations  accompanying  the 
eflbrt  to  restore  the  equilibrium. 

2.  The  load  requisite  to  pmduce  a  ffiven  ficxure  w  pyoportional  to  th« 
breadth  of  the  beam  or  bar. 
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This  la  eTideat  il'  we  oonaider  a  beam  two  or  three  tin-ea  as  broad, 
composed  3f  two  or  three  separate  beams,  each  requiring  the  eamo  load 
as  the  first  bar  to  flea  it  through  the  same  arc. 

3.  The  load  is  also  proportional  to  the  cube  oflhed^tk  or  thickness  of 
the  bar, 

i.  The  load  is  in  the  inverse  ratio  of  the  cube  of  the  length  ofth«  bar. 

If  the  section  of  the  beam  is  not  a  rectangle,  with  one  sido  perpen- 
dicular to  the  direction  of  the  flexing  force,  these  laws  cannot  tie 
directly  applied.  It  is  assumed  in  all  the  cases  that  the  bar  returns  to 
its  first  position  when  left  to  itself;  or,  in  other  words,  that  the  pre^iure 
has  not  exceeded  the  limit  of  elasticity. 

Applications. — Constaat  use  is  made  of  the  elasticity  of  flexure 
The  dynamometer  of  Reynier  has  already  been  named  (37)  Springs 
of  all  kinds,  for  balances,  carriages,  lime-pieces,  bows,  &c  ,  employ  this 
agency.  The  aneroid  barometer  of  Vidi,  and  the  metallic  manometer 
and  tliermometer  of  Bourdon  are  familiar  and  most  useful  applications 
of  this  force. 

163.  M.  Boui-don'B  metallic  baiometer.— M.  Bourdon,  of  Paris, 
has   applied    the   principle   of  elas-  124 

ticity  of  flexure  to  the  construction 
of  a  metallic  barometer,  which,  with 
great  simplicity  of  construction,  has 
all  the  advantages  of  the  aneroitl. 
The  essential  part  of  the  instrument, 
fig.  124,  consists  of  a  very  thin  and 
elastic  brass  tube.  A,  bent  into  the 
form  of  an  arc  of  a  circle,  whose  cross 
section  is  a  flattened  ellipse  with 
its  longer  diameter  perpendicular 
to  the  plane  of  curvature.  This  tube 
exhausted  of  air,  and  hermetic  illy 
closed,  is  attached  only  at  its  centre 
so  that  the  ends  are  free  to  moye 
With  a  dimlmBlied  atmospheriL  pres 
Bure,  the  ends  separate  from  each  other 
increases,  the  ends  come  nearer  together 
wire',  a,  b,  and  the  spring,  r.  these  ni 
are  communicated  to  a  needl 

The  same  prmcipla  Bourdon  has  applied  to  the  construction  of 
manometers  for  locomotive^  and  other  steam-boilers,  which  are  now 
extensively  u^nd  ii 


If  the  atmoapheriL  presiuro 

By  means  of  the  metalhc 

of  the  ends  of  the  tube 

a  graduated  plate. 
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164.  The  aneroid  barometer.* — The  oonBtruction  of  this  inatru- 
ment,  invented  by  Vidi,  of  Paris,  depends  upon  the  cJaatioitj  of  flesure. 
Being  of  small  size,  and   containing  no  ,„^ 

mercury,  it  is  verj  portable,  and  it  gives 
reeuhs  sufficiently  accurate  for  all  ordinary 
purposes.  It  consists  of  a  circular  copper 
boi,  the  cover  of  which  is  very  thin,  and 
herracticallj  sealed,  after  the  air  is  partly 
exhausted  from  its  interior.  This  chest  is 
contained  in  an  outer  ease,  fig.  125,  about  I 
four  inches  in  diameter,  and  whieh  has  a  U 
dial-plate  like  that  of  a  watch.    Variations  ° 

cause  the  cover  of  the  exhausted  box  to 

more   with   the   change   of   tension.     By 

meaus  of  a  combination  of  levers  and  springs,  the  movements  of  the 

centre  of  this  cover  are  communicated  to  a  pointer  whieh  moves  over 

the  graduated  plate. 

Pig.  128  sliOBS  the  inlerioi 
of  the  eihaasted  bos,  are  att 
nprights,  B,  which  act  upon 
b;  msHDs  of  a  pin  unitiag  th 
lerer,  P,  is  attached  to  a  ba 
frealj  OD  two  pivota  placed 
t  m't'  A  lever,  B,  unite 
K  b      plate.  A,  ptesslng   oa   tw 

ip  D      By   moana    of  a   apt  nj- 

rep        nted   n  the  side  of  the  figure    he 

d  E    n       nnection  with  A,  comni 
n    n       m       meat  to  the  beot  lever   K 
a        g       metallic  wire  to  uucoil  itself 
from  as  s,  0,  of  the 

ti       m      ng  to  it  the  mov 


made  at  LebBoon  "-pa,  N  T.,  bj  S 


Teh    ry  of  the  barometer  and  the  mode  of  observing  atmo^pheno 
pressure  with  the  aneroid  barometer,  is  explained  in  the  chipter  on 


165.  Elaaticitr  of 
by  a  force  applied  at  one 
t  tendency 


—When  a  metallic  rod  or  wire  is  twisted 
imiij,  while  the  other  remains  fixed,  it 
urn  to  lis  first  position,  and  if  the  force 
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aelallic 


B   fay    n 


feight,  W 


twiatad  by  a  fores  e 

wljicli  db  is  the  radius.  Lei  m  »  represaot  a 
Tiew  of  a  row  of  moleonles  oa  the  eurfaoB  of  the  wire 
paralkl  lo  the  aiia.  If  the  length  of  the  wire  remaioa 
uuchauged  during  toraion,  and  the  line  ma  taliea  the 
position  of  tteepiralmH',  it  is  evident  that  the  dUtaaces 
batweea  the  molsonlea  in  tbie  line  must  be  inoresacd.  The 
elasUcity  of  toraion,  therefore,  dependa  upon  the  force 
with  which  the  partiolei  tend  to  preaerre  their  respective 
distances  from  each  other.  By  the  same  force  with  which 
the  molecules  on  the  surface  of  the  wire  (end  to  resist 
separation,  the  molecules  in  the  axis  of  the  wire  are  com 

of  the  wire.     Toraio  U, 

molecules  on  the  surf  ce  sn     to       m 

tboBs  situated  in  the 

The  angle  of  to  is     h     a  g  di 

d  6  d',  through  which  m  ab  d  h  w 
rotated  about  its  axis.  The/orce  of  tors  on  s  t  e  power  applied  at  the 
eitremity  of  a  lever  whose  length  is  unity,  placed  perpendicular  to 
the  asls  of  the  wire,  to  produce  the  deviation  indicated  by  the  angle 
of  torsion ;  this  force  is  called  the  coefficient  uf  lornion. 

166.  Conlomb'a  laWa  of  torsioa. — For  our  knowledge  of  the  laws 
of  torsion  we  are  indebted  to  Coulomb,  who  has  reduced  these  laws  to 
the  foUowing  formula: 


{!)    t 


W 


'^w-'  "•"''  / 


I'W 


%Jt' 


When  a  cylindrical  weight,  W,  is  suspended  to  a  wire,  as  shown  in 
fig.  127,  BO  that  its  axis  corresponds  with  the  axis  of  the  wire,  W  is  the 
suspended  weight,  a  its  tadiua,  g  the  accelerating  force  of  graTitj  (71), 
/  tie  coeffioient  of  torsioti  for  the  eatended  wire,  and  ( the  time  of  an 
oscillation  when  the  force  of  torsion  is  removed,  and  the  wire  is  left 
free  to  vibrate.  The  following  !aWs  were  deduced  by  Coulomb  item 
the  preceding  formula: 

(1.)   The  force  of  torsion  is  pToportinnal  to  the  angle  of  torsion. 

To  prove  this  law,  Conlomb  caused  the  weigbt  to  oscillate  around  its  axis  by 
the  torsion  of  the  wire,  and  found  that  the  times  of  oscillation  were  the  aams 
whatever  their  amplitude.  This  result  corresponds  with  the  formula  iu  which 
the  time  of  osdllatioo  is  independent  of  the  amplitude. 

Bitatd  upon  this  law,  Coulomb  inveEtod  a  very  delicate  (ortion  holanse  which 
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bears  his  name.     Ihis  instrument  vitl  be  described  when  speaking  ol  lis  use  is 
•lectrical  experiments  (820 J. 

(2.)  The  force  oftonion  remains  the  same  vikatecer  may  be  the  tension 
of  the  wire. 

Experiments  prove  that  the  aquarea  of  the  times  of  oscillation  are  proportional 
W 
1«  the  weights  emploj-ed,  whence  it  follows  that  -j,  in  formula  (2),  is  constant 

whatever  may  be  the  value  of  W,  therefore  it  is  evident  from  the  formula  that 

(3.)  The  coefficient  of  torsion  is  inversely  proportional  lo  the  length  of 
the  wire. 

Experiments  prove  that  the  square  of  the  time  of  oscillation  is  proportional  to 
the  length  of  the  wira,  and  the  formula  shows  that/  is  inversely  proportional 
to  1*,  therefore  it  must  also  lie  inversely  proportional  to  the  length  of  the  wire. 

(4.)  The  coefficient  of  torsion  is  proportional  to  the  fourth  power  of&t 
diameter  of  (he  wire. 

According  to  eiperiment,  the  time  of  oscillation  is  inversely  proportional  to 
tie  square  of  the  diameter,  and  the  formula  shows  that  the  coefficient  of  torsion 
is  inversely  proportional  to  the  square  of  the  time  of  oscillation,  hence  the 
coefficient  of  torsion  is  proportional  U>  the  fourth  power  of  the  diameter  of  the 

167.  Torsion  of  rigid  bars. — Savart  found  by  eiperiment  that  the 
lawB  of  Coulomb,  which  had  been  previously  determined  fur  flexible 
wires  of  cylindrical  form,  were  equally  applicable  to  rigid  bara  of 
brass,  copper,  glass,  or  wood,  whether  the  sections  were  circular, 
square,  rectangular,  or  triangular,  provided  that  comparisons  were 
made  only  between  bars  of  tlie  aame  form. 

More  recently  Poisson  has  demonstrated  these  laws,  in  case  of  cylindrical 
rods,  by  means  of  the  calculus,  and  M.  Cauchy  has  obtained  the  enme  result  by 
the  calculus  for  bars  having  a  rectangular  section, 

168.  Limit  of  elasticity. — When  a  wire  or  rod  has  been  stretched 
by  a  weight  which  is  very  great  in  proportion  to  the  diameter  of  the 
wire  or  rod,  the  elongation  and  the  diminution  of  diameter  do  not 
entirely  disappear  when  the  tension  is  removed.  The  bar  ia  then  said 
ifl  have  been^iceiJ,  or  to  have  been  stretched  beyond  its  limit  of  elasii- 
eity.  Similar  eflecta  are  seen  when  elasticity  has  been  developed  by 
compression,  flosion,  or  torsion. 

These  results  are  explained  by  supposing  that  the  molecules  com- 
posing the  wire  or  rod  have  been  forced  into  new  relations  with  each 
other,  HO  that  elasticity  no  longer  acta  on  all  the  particles  in  the  eamo 
direction  ae  before,  and  therefore  a  permanent  change  of  form  ia 


db,  Google 


OF   SOLIDS.  131 

develaped.  It  follows,  therefore,  tJiat  after  a,  rod  or  wire  has  thus  teen 
forced,  there  should  be  a  Dew  state  of  elastioltj  similar  to  the  first ;  and 
such  experiment  shows  to  be  the  case, 

If  a  degree  of  tension,  sufEoient  W  produce  permanent  elongation, 
acts  for  a  long  time,  a  rod  will  be  graduailj  drawn  out  into  wire. 

M.  Yioat  has  observed  a  wire,  ploced  whore 
exteadEd  by  s  weight  exceeding  ita  limit  of  a1 

to  be  elongated  for  years  without  attaioing  iM  limit  of  eitensioD. 

Thin  plates  of  glass  or  slecl  placed  obliquely,  or  supported  only  at  the  end*, 
will,  after  a  time,  contract  a  porman  nt    n  vatu  e 

The  limit  of  elasticity  is  raj  dlj  d  n   n  shed  bj  heat. 

At  temperatures  of  59°  F.,  21  P  and  392  P  ,  TVertheim  found  that  th» 
limits  of  elasticity  for  copper  va  ed  as  the  numbei?  3,  2, 1 1  and  for  platinum 
BS  14i,  IS,  IIJ.  AnuDaling  dim  ntshes  the  lunits  of  elasticity,  hot  Wertheim 
found  that  a  temperature  of  392  F  made  no  en  be  difference  in  the  elasticity 
of  those  metals  which  had  been  p  e    ous  j  annealed 

169.  Change  of  density  piodaced  b;  teasioa. — In  general, 
metals  that  are  forced  by  eicessive  tension  increase  in  density  by  a 
lateral  approach  of  their  molecules,  but  the  contrary  effect  is  produced 
by  tension  in  bars  of  iron  or  lead.  Annealing  restores  the  density  of 
metals  which  have  been  forced  by  tension. 

J  4.  Sttettgtii  of  Materials. 

170.  Laws  of  tenacity.— The  absolute  strength  or  tenacity  of  a 
body  is  its  power  of  resisting  a  force  applied  in  the  direction  of  ita 
length,  and  tending  to  draw  it  asunder.  The  following  are  the  laws  of 
tenacity  -. 

1st.  The  Cenacilt/ofa  bar,  or  rod,  or  the  resistance  it  is  abk  io  sustain, 
is  prnportional  io  the  area  of  ita  transverse  section. 
2d.  The  tenacity  is  independent  of  the  lengl/t  of  the  bars. 

The  lesiGtancs  which  a  rod  can  sustain  is  evidently  proportional  to  the 
tranarecee  section  of  the  body,  far  the  cohesion  of  two,  three,  or  four  times  as 
many  partidea  must  be  destroyed,  if  the  area  of  the  eectioa  Is  increased  two, 
three,  or  four  limes.  If  a  wire  supports  a  certain  weight,  two  snch  wires,  or 
one  of  double  site  of  the  same  quality,  will  support  a  double  weight.  Tenacity 
is  nut  raodiSed  by  length,  except  that  the  probability  of  casnal  defects  increase; 
with  the  length.  Tenaoity  is  measured  experimentally  by  securing  one  end  of 
the  body  to  a  fixed  point,  and  hanging  gradually  increasing  weights  to  the  other, 
nntil  it  is  broken.  The  breaking  weight  meaanres  the  absolute  strength.  To 
dompare  the  strength  of  different  bodies,  we  must  assume  a  uni'l  of  area;  the 
one  usually  chosen  is  one  square  inch. 

Tiie  following  table  gives  tlie  absolute  strength  of  some  of  the  mere 
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mportant  bixjies,  expressed  in  pouads,  for  one  square  inch  u 
1st.  Mbtils 


LS:— 

1 

110,690— 

127,094 

114,)-94— 153,7*1 1 

134,266 

&3,1S2— 

84,611 

63,730- 

112,905 

16,243— 

19,464 

40,997 

30,320- 

37,380 

19,472 

47,114- 

58,931 

20,490— 

65,237 

4,736 

'887- 

1,824 

12,246 

H.mpt 

3d 
Lated, 

Cords 

6,99:- 12,876 
eb,    .     .     3,746 

nlloy 


Wronght  metals  are  nioro  lenncioue  tban  ess 
stronger  tban  either  of  their  eonBtituents.  The  st 
diminiahes  aa  they  are  heated ;  and  sudden,  freqae 
temperature  always  impair  tenacity. 

Johnson's  results. — From  an  extensive  series  of  oarefuUj  conducted 
esperimenta,  the  lata  Professor  Walter  R.  Johnson  ascertained  tliat,  if 
eitlier  bars  or  plates  of  malleable  iron  are  subjected  to  a  high  degree  of 
tension,  whilst  heated  to  550°  or  600°  F.,  and  are  then  gradually  cooled, 
the  masimum  tenacity     f  th     "         "  "biy  '  d  fifl 

(ISyVo)  per  cent.     F    m  th     ni      m  m   th         bta      d    tl      te  a*,  ty 
gradually  diminishes  by  h     t    g  b  b  th     t         ty  w  11  rem        g      t 
than  before  the  first  htg       Issthtpt  dbo 

700°  F.     (Report  to  F      U      I     1 1  t  gth    f        t       If 

eteam-boilers,  1837.) 

The  Btrangth  of  cords  pp  hfi  hraddl 

to  the  fineness  of  tie  flax  or  hemp  fihrea  of  which  the  strands  consist.  Thej 
are  weakened  by  oTortwisting.  Damp  hempen  cords  are  stronger  than  dry  ones, 
twisted  than  spun,  tarred  than  untarred,  and  unbleached  thnn  bleached.  Silk 
oorda  are  three  timea  stronger  than  those  of  flax. 

Tenacity  of  vegetable  and  animal  aubstaneeS. — Wooda  are  aub- 
jeot  to  great  inequalities.  Trees  grown  on  mountains  Ore  much  atrongar  than 
those  of  the  same  kind  from  the  plains. 

Animal  and  Fcgetable  substances,  couTerted  from  the  liquid  to  the  solid  state, 
aa  gums,  vamiah,  glue,  4e.,  poasosa  eitruDrdinary  strength.  Ramford  found  that 
a  aolid  cylinder  of  paper,  glued  together,  whose  seotional  area  waa  one  aqaaro 
inch,  would  support  36,000  Iba.;  and  a  similar  cylinder  of  hempen  strings,  glued 
together  lengthwise,  supported  92,000  lbs.— a  tenacity  greater  than  that  observed 


In  i 


!  to  pressure  in  oolumnB,— The  reaistance  of  « 
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the 


oolumQ  to  a  vertical  force  which  tends  to  crush  it,  depeods  jq  its  form, 
its  sectional  area,  and  its  height.  Of  two  columns  of  the  same  mat*- 
rial,  having  the  same  form  aud  equal  heights,  the  one  which  hi 
larger  sectional  area  will  be  the  stronger,  hut  the  exact  rat 
in  strength  is  unknown. 

Aoo;raiog  to  Eukr:   When   the  biiSB  remains  tie  Bame,  the  strength  of 
columi  diminishes  as  the  square  of  the  height;   that  is,  when  the  height 
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1T2.  Tlie  lateral  or  transveise  etienetb  of  materials  is  their 
pouter  io  resist  a  breaking  force  applied  nt  right  angles  to  their  length. 

Let  abc,  fig.  12S,  be  a  beam  secured  at  one  end,  and  supporting  at 
the  other  extremity  a  weight,  W,  138 

acting  at  right   angles  with  i 
length.     It  is  evident  that  while  i 
the  suspended  weight   tends   ti 
produce   extension   and   rupture 
at  the  upper  surface,  a,  the  pur 
tides   at   the   opposite  or  under 
surface,   o,  will   be   eompresao  1 
Between  these  two  points  there  will  h 
neutral  axis,  where  there  is  neither  exi 

Suppose  the  power  of  the  heani  to 
ita  power  of  resisting  extension,  then  the  neutral  a. 
transverse  section  into  two  equal  parts,  an  area  of  comp 
area  of  extension.  When  the  fibres  on  the  surface  a  a 
their  limit  of  tenacity,  the  fibres  at  o  will  be  compressed  w 
force,  while  no  force  is  exerted  on  the  neutral  axis,  therefore  the  e 
force  required  to  be  overcome  to  produce  rupture  is  equal  to  one-half 
the  longitudinal  tenacity  of  the  beam.  If  (  represents  the  absolute 
tenacity  of  a  unit  of  area  (See  Table,  |  170),  />  the  breadth  of  the  beam, 

14* 


e  a  certain  plane,  mrt,  called  the 


it  compressioi 


will  divide  the 


B  extended  to 
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and  d  its  depth,  then  the  reBialance  to  be  overcome,  R,  ^  ithd.     Tlio 

effect  of  the  breaking  force  tends  to  turn  the  section  ao  about  the  neutral 

axis.  Tlieaumof  all  the  oitending  forces,  128  « 

II h,  fig.  128  a,  will  be  represented  by  the      jl 

area  of  the  triangle  a  G  a'.    These  forcee  Wn  1 

act  at  different  distances  from  the  f.eutral  ^fi{ 

aiis,  G,  but  their  entire  effect  will  be  the      Bp^  31 

same  as  if  they  wore  a!l  concentrated  at 

tho  centre  of  gravity  of  aGa',  which  is  /-^ 

at  a  distance  from  G  equal  to  §  a  G  =  \^ 

^ao  =  ^d.   Thestaticalmomentof  the  esfending force  will  therefore  be 

itU  X\d  =  -^tbd?. 
The  statical  moment  of  the  compressing  force  is  also  -^ibd'.  Hence  the 
sum  of  the  moments  of  tlie  statical  forces  opposed  to  fracture  is  ^IbcP. 
To  overcome  this  moment  of  resistance,  the  weight,  W,  acts  at  the  end 
of  the  beam,  the  length  of  which  we  represent  hj  I;  then,  since  at  the 
moment  of  fracture  the  statical  moment  of  the  weight  must  equal  the 
«t<ttical  moment  of  the  resistance,  we  shall  have 

Wl  =  ^m\    or.   JF='-^. 

The  lateral  cohesion  of  the  beam  prevents  the  different  lominte  from  sliding 
on  eacli  other,  and  tlius  tends  to  prevent  fracture,  but  this  element  of  strength 
IB  neglected  in  the  preceding  analysis^ 

To  find  the  weight  required  to  break  a  beam  supported  at  one  end, 
we  have  the  fcllowing — 

Bulb;  Multiply  ike  absolute  tenacity  of  abeam  of  ^  same  dimensions, 
by  its  depth,  and  divide  the  product  by  six  times  the  length;  the  quo- 
tienl  is  ike  toeight  su^ended  at  the  extremity  required  to  break  the  beam. 

Practical  applications. — -To  apply  this  rule  to  practical  purposes, 
it  is  necessary  to  take  into  consideration  the  weight  of  the  beam  itselfi 
This  weight  may  be  considered  as  acting  at  its  centre  of  gravity,  con- 
sequently the  strain  produced  by  it  will  be  only  half  as  much  as  if  it 
acted  at  the  extremity  of  the  beam,  we  must  therefore  subtract  from  the 
breaking  weight  one-half  the  weight  of  the  beam.  Calling  the  weight 
uf  the  beam  v),  the  formula  becomes, 
„      ib^      V) 

If  ne  noutd  e^timale  the  toad  which  a  beam  can  sustain  nitfaout  danger  of 
bre(iing,  we  must  consider  that  beams,  of  wHalever  material  Ibej  maj  be 
constructed,  are  liable  to  be  more  or  less  imperfecl.  To  afford  security  from 
accident,  it  i9  onstomsry  to  estlmale  the  working  load  as  onlj  \,  i,  or,  in  some 
euu,  only  -f^  part  what  would  be  required  to  produce  fracture. 
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W  = ,     r     being  the  radius  of  the  beam. 

nhoae  asternal  and  internal  cadii  are  r  and  r',  tbB  breaking  weight 


For  a  rectangular  tube  aupportfld  at  one  end, 

If  a  rectangular  beam  is  supported  at  the  centre,  and  the  weight  is 
diTided   into  two  parts,  rest-  129 

ing  upon  opposite  eoda  of  the 
beam,  as  shown  A,  fig.  129 
muatreplacBW.ui,  andiin  the   s 
preceding  formula  by  JW,  \w, 
aud  }Z.     Making  these  anbsti-    ' 
tions,  and  reducing: 


r+s  = 


U  ' 


The   weight  lekicA   a  ieom  1 
can  support  when  it  rests  upon  m 
its  centre,  and  the  weight  i 
equally  divided  at  its  extremi-  ^ 
tiea,  is  four  times  as  great  as  if  the  beam  were  supported  only  at  o; 
and  the  weight  was  suspended  from  the  other  end. 


1  part  of  the  breaking  weight. 
•  extremities,  and  the  weight  is 
I,  fig.  129,  the  breaking  weight 
of  the  two  weights  in  the  pre 

;,  129, 


One-half  of  the  beam  is  included 

If  the  beam  is  supported  at  its 
suspended  at  the  centre,  as  shown 
will  obviously  be  the  same  as  the 
ceding  case. 

If  the  beam  is  secured  at  both  extj'emities,  as  shown  at  D,  fii 
and  the  weight  is  placed  at  the  centre,  three  fractures  are  to  1 
duced  simultaneously.   To  produce  the  fracture  at  the  centre  separately 
will  require  the  same  weight  as  in  the  preceding  case,  and  the  fracturec 
at  C  and  C  will  each  require  one-half  as  much  more  force,  while  on*- 
half  of  the  weight  of  the  beam  is  to  be  included      Therefore, 
„      w      StM' 
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diameter  is  two  or  three  times  greater  than  that  of  another,  will  carry 
a  weight  8  or  27  times  heayier.  The  lateral  Btreiigth  of  square  timber 
is  to  that  of  the  tree  whence  it  ia  hewn  aa  10  :  17  nearly. 

The  atrongeat  rectangular  beam  that  can  be  aawn  from  a  piece  of 
round  timber  is  one  whose  breadth  is  equal  to  the  aqiiare  root  of  one- 
third  maltiplied  by  the  diameter,  and  its  depth  is  equal  to  the  square 
root  of  two-thirds  mnltiplied  by  the  diameter. 

A  tube  ia  the  form  which  combines  the  least  weight  of  materials 
with  the  greatest  lateral  strength.  Galileo  was  the  first  who  remarked 
that  the  bones  of  animals,  the  quills  of  birds,  the  stalka  of  plants  which 
bear  a  heavy  weight  of  seed  at  their  summit,  and  other  aimilar  hollow 
cylinders,  ofier  a  much  greater  resistance  than  aoiid  cylinders  of  the 
some  length,  and  constructed  of  the  same  quantity  of  matter 

A  round  tube  whose  external  and  internal  diameters  are  to  each 
other  as  10  ;  7  has  (according  to  Tredgold)  twice  the  lateral  strength 
of  a  aolid  cylinder  containing  the  same  amount  of  material 

A  rectangular  tube,  whose  height  ig  considerably  greater  than  the 
breadth,  will  sustain  a  greater  amount  of  lateral  p  es  e  than  a  hollow 
cylinder  of  the  same  thickness,  and  containing  he  same  am  uot  of 
material,  because  a  much  greater  amount  uf  mate  al  pla  ed  at  a 
remote  distance  from  the  neutral  axh.  Hollow  reetang  la  1  ams  of 
iron  are  used  in  architecture,  and  the  same  fc  of  c  n  t  u  I  un  noa 
selected  by  Stephenson  for  the  Britannia  and  V    to   a  B   dges 

The  Britannia  Tubular  Bridge,  across  the  Mena  Str  t.  s  an 
immense  rectangular  iron  tube,  or  corridor,  17  feet  wide,  22  feet  high 
at  the  ends,  30  feet  at  the  centre,  and  1834  feet  long,  through  whioil 
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the  Englisl  Weatern  Bsilrnad  passes  from  Wales  to  the  island  of 
Anglesea,  1J4  feet  above  hig;h  water  mark.  Two  of  the  openings 
between  the  piers  are  eaoli  460  feet,  and  the  other  two  each  230  feet. 
The  ordinary  pressure  of  the  railroad  trains  which  pass  this  bridge 
produces  a  depression  of  merely  one-eighth  of  an  inch,  or  less ;  discerni- 
ble only  by  the  aid  of  instruments. 

The  Victoria  Tnbular  Bridge,  for  the  passage  of  tie  Grand  Trunk 
Railway  across  the  St.  Lawrence,  at  Montreal,  is  6600  feet,  or  a  mile 
and  a  quarter  in  length.  It  has  24  openings  of  242  feet  each,  and  a 
centre  span  of  330  feet.  The  abutments  are  36  feet,  and  the  central 
piers  60  feet  above  sumnier  water.  The  breadth  of  these  immense  iron 
tubes  is  16  feet,  the  height  at  the  ends  of  the  bridge  19  feet,  and  at  the 
centre  21  feet  8  inches.  The  tubes  are  constructed  of  boiler  iron, 
varying  from  J  to  i  au  inch  in  thickness,  strongly  braced  with  lateral 
irons  placed  at  distances  of  from  3  to  6  feet.  The  cost  of  this  stupen- 
dous bridge  was  $7,000,000. 

173.  Xiimits  of  magnitude.— The  materials  of  all  struoturos  must 
support  their  own  weight,  and  therefore  their  available  strength  is  the 
excss  only  of  their  absolute  strength  ahoye  ivhat  is  necessary  to  sup- 
port f  hem  selves. 

When  all  the  dimensions  of  materials  are  int-reaBed,  the  absolute 
strength  augments  as  the  square  of  the  ratio  of  increase,  but  at  the 
same  time,  the  weight  of  the  materials  augments  as  the  cube  of  tlie 


If  the  dimensions  of  a  beam  are  doubled,  it  is  four  times  stronger, 
and  eight  times  heavier;  or  if  its  magnitude  is  multiplied  4  times,  its 
strength  will  be  multiplied  16  times,  and  its  weight  64  times. 

In  consequence  of  unequal  ratio  in  increase,  the  strength  of  a  etruc- 
tuce  of  any  kind  cannot  be  estimated  from  its  model  alone,  which  is 
always  much  stronger  in  proportiott  to  it«  siae  than  the  structure.  In 
enlarging  a  structure,  a  limit  is  soon  reached  at  which  it  has  no  avail- 
able Btrength,  its  total  absolute  strength  being  required  to  support 
itself;  and  if  this  limit  is  passed,  it  will  fall  to  pieces  by  its  own  weight. 

All  works,  natural  and  artificial,  have  such  limits  of  magnitude  which 
they  cannot  surpass  while  their  materials  remaio  the  same. 


Id  conformity  to  this  pFinciple,  emult  aniiu^a  aro  stiougci 

■  than  large  ones, 

and  agility,  which 

n.     The  operation 

of  the  same  law  may  te  seen  by  comparing  the  anwieldj 

moVBBients  of  tha 

elephant  with  the  lithe  and  active  tiger,  or  the  easy  motion  ■ 

of  song-birds,  and 

the  arrowy  ewiiop  of  the  hawk,  with  the  laborious  and  moa 

snred  flight  of  the 

•wan,  and  the  condor  of  the  Andes.    For  the  same  reason,  the 

gigantic  saurians. 

whose  bones  are  mentioned  by  geologists,  had  tbeir  home  in 

the  Joean,  where. 
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in  modem  times,  ara  found  sea-weeds  of  interminable  lengtt,  and  auimftls, 
whoso  pOQderonB  mass  would  bo  incapable  of  motion,  if  tbej  were  not  floated 
buoyantly  by  tho  element  tbey  inhabit. 

I  5.  Fioperties  of  Solids  depending  on  a  peimanent  displace- 
ment  of  their  Mole c ales. 

174.  Malleability,  or  the  property  of  being  wrought  under  the 
hammer,  belongs  to  many  of  the  metah  in  an  eminent  degree,  and 
UDon  it  their  utility  in  a  great  measure  depends. 

The  following  is  the  order  of  malleability  of  the  principal  metals, 
when  extended  under  the  hammer ;  vii.,  lead,  tin,  gold,  zino,  silver, 
copper,  platinum,  iron.  This  order  represents  the  facility  of  extension 
depending  on  relative  hardness,  hut  gold  may  be  beaten  thinner  than 
any  other  metal  (compare  1 19). 

The  property  of  extending  into  plates  in  the  rolling-mill  is  sonieivhat 
different  from  the  facility  of  extending  under  the  hammer,  and  is  pos- 
sessed by  the  metals  in  the  following  order;  viz.,  gold,  silver,  copper,  tin, 
lead,  zinc,  platinnm,  iron.     Malleability  varies  with  the  temperature. 

Iron  ia  most  malleable  when  it  first  attains  a  white  heat,  and  in  that  rtato 
huge  masses  of  it  are  taSen  from  the  furnace  to  he  forged,  the  metal  yielding 
like  wax  to  the  pfessuro  of  the  rolling-mill,  or  the  blows  of  the  hammer.  Zino 
is  most  malleable  at  300°  or  400",  and  lead  and  copper  when  they  are  cold. 
GlasB,  which  ie  very  brittle  when  cold,  becomes  malleable  at  a  high  temperature. 
Bold  may  be  hammered  into  leaves  so  thin  that  a  million  of  them  are  less  than  an 
inch  thick.  Metals  lose  their  malleability  by  constant  hammering,  but  recover 
it  again  by  being  heated  and  slowly  cooled — a  process  called  annealing. 

175.  Dnotility,  or  the  property  of  being  drawn  into  wire,  must  not 
be  confounded  with  malleability,  for  the  same  metals  are  not  always 
both  ductile  and  malleable,  or  do  not  possess  these  properties  to  an 
equal  extent.     In  general,  ductility  increases  with  the  temperature. 

The  following  is  the  order  of  ductility  in  the  principal  metals ;  viz., 
platinum,  silver,  iron,  copper,  gold,  zinc,  tin,  lead. 

Iron  may  be  drawn  info  the  finest  wire,  bi 
proportional  thinness.  Tin  and  leed  post 
order. 

176.  Hardness  has  no  relation  to  density,  or  the  number  of  particles 
within  a  given  space,  but  depends  only  on  the  nature  of  the  particles, 
their  mutual  arrangement,  and  cohesion. 
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Tho  following  table  gives  the  scale  of  hardness  used  by  mineraiogists, 
oommencing  with  talc,  the  softest  crystalline  solid,  and  ending  with 
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diamond,  wbich  is  esteemed  the  hardest,  i 
but  iWDDOt  be  cut  hj  any  but  itself. 


e  it  cuts  all  other  bodies. 


Deg. 

Solatente. 

Beg- 

But^^^c, 

1 

3 
i 

Talc. 
Gjpgnm. 
Colo  spar. 
Fluor  spar. 

in 

Feldspar. 

Toi>a.. 

Sapphire. 

Diamond. 

The  terms  hard  and  soft  are  seen  by  an  inspection  of  this  table  to 
be  entirely  relative,  since  each  succeeding  body  is  harder  than  the  one 
preceding,  and  vice  versa,  the  extremes  only  being  respectively  softer 
and  harder  than  all  others. 
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177.  BirittletieaB.— Bodies  -which  are  easily  broken  in  pieces  and 
pulverized  are  said  to  be  brittle.  Such  are  hard  bodies  generally,  and 
alxo  many  highly  elastic  substances. 

178.  Hardening;  Temper;  Annealing. — Whencertftin  metals  are 
heated  to  redness  or  to  a  higher  temperature,  and  then  are  suddenly 
cooled,  by  plunging  into  cold  water,  oil,  or  mercury,  they  become  hard, 
brittle,  and  more  elastic  than  before.    This  process  is  called  hardening. 

The  effects  of  this  method  of  hardening  are  most  important  in  the  case  of 
iteel,  sineo  it  is  in  virtue  of  this  quality  that  its  application  to  a  great  rariet; 
of  purposes  depends. 

When  Steel  is  raised  to  a  high  heat  and  slowly  cooled,  it  becomes 
soft,  ductile,  flexible,  and  much  less  elastic  than  before.  This  process 
is  called  softening  or  annealing,  altbough  the  latter  term  is  more  fre- 
quently employed  to  denote  a  similar  process  of  removing  the  hardness 
produced  by  hammering,  and  other  mechanical  means. 

Softened  steel  may  be  hammered,  rolled  into  sheets,  drawn  into  wire, 
or  wrought  into  any  form  required  in  the  arts.  If  hardness  or  great 
elasticity  is  required,  the  steel  is  then  heated  to  redness  and  plunged 
into  cold  water,  oil,  mercury,  or  some  other  fluid,  by  which  it  is  rapidly 
cooled.  If,  as  is  generally  the  case,  it  is  then  too  hard  for  the  use  to 
which  it  is  to  be  applied,  a  portion  of  the  hardness  is  removed  by  what 
is  called  drawing  the  temper,  by  heating  to  a  lower  temperature,  and 
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allowing  ttie  article  to  cool  gradually.  The  proportion  of  hardness 
removed  depends  on  the  temperature  to  which  tlie  articles  are  heated. 
This  process  of  reheating  and  cooling,  bj  which  the  degree  of  hardness 
ia  modified  to  suit  anj  special  purpose,  is  called  tempering. 

Colota  of  tempered  ateel.— The  workmen  earefnlly  olisorTe  the  color 
of  the  steel,  na  it  is  reheated,  and  determine,  from  the  tint,  when  a  degree  of 
h<]&t  ia  obtained  anfficieut  to  produce  the  temper  deaired.  The  tinfa  which  «or- 
wepood  approsimnlely  to  the  different  temperatures  are  a:  foUowe  :— 


aored  by  tempering.  Rasors  and  fine  cutlery 
penknife  bladea  tn  a  light  atraw  cdIdt;  tahlo 
ircd  more  than  hardneaa,  is  reheated  to  rioletj 
.eh-springs  to  a  deep  blue, 

nufactories  the  requisite  heat  for 
dened  steel  srticlee  in  a  bath  of 

lated  by  a  thermometer.  The  articlea  \o  bo  tempered  are  placed  in  the  bath, 
which  la  then  healed  to  the  reqaired  temperature,  and  then  allowed  to  cool 
alowlj.     In  thia  way  a  gtreat  number  of  arlieles  of  the  same  kiod  can  be  mads 

It  ia  a  remarkable  property  of  steel  that  when  it  is  heated  to  a  temperature 
that  allows  it  to  begin  to  liarden,  by  rapid  cooling  it  reoeives  ils  full  degree  of 
hardness.  It  cannot  be  pardally  hardened  at  any  lower  tcioperature.  A  bar 
of  steel,  heat«d  at  one  end  while  the  other  remains  cold,  will  be  found,  afr^r 
rapid  cooling,  hardened  at  one  end,  with  »  sharp  line  of  demarkalion  between 
the  hard  and  soft  parts.  Where  it  has  been  healed  to  a  temperature  inaufficient 
for  hardening,  and  is  then  rapidly  cooled,  it  is  aensibly  Eoftened. 

Temper  of  glass- — QIasa  undergoes  the  same  changes  by  tempering 
as  steel.  It  becomes,  by  rapid  cooling,  more  l|rittle,  harder,  and  leaa 
dense.  A  specimen  of  glass,  eiamiaed  hy  Chevandier  and  Wertheim, 
having  a  density  of  2513,  acquired  by  annealing  a  density  of  2-523. 
For  hardening  glass  it  ia  sufficient  to  allow  it  to  cool  rapidly  in  the 
open  air,  hy  moving  it  about.  Glass-ware  is  annealed  by  passing  it 
slowly  through  a  very  long  oven,  called  a  ''  leer,"  the  end  whero  it 
enters  being  nearly  a  red  heat,  and  the  other  extremity  nearly  cold. 
Without  the  process  of  annealing,  glasa  ut«nsila  would  be  almost 
worthless. 

Prince  Rupert's  Drops. — A  beautiful  illiislratiaD  of  the  properties  of 
Snaunealed  glass  may  be  seen  la  the  acieatiSc  toy  called  Prince  Bupert'a  Drops, 
or  Dutch  Tears.  They  are  made  by  dropping  melled  glass  inio  water,  by  which 
■ueans  it  is  saddonly  cooled  and  beooniBS  vary  bard  and  brittle.     They  haie  ■ 
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Ig.  130.    The  body  of  tkea« 


itroke  from 

•Ikr  end  Is  broken  off  the  whole 

t  impalpable  powder,  with  a,  t: 


Tempering  copper  and  bronze. — Most  metals  are  acted  , 
on  by  heat  and  cold  in  the  eame  manner  as  steel,  but  ti 
leas  extent.  Copper  is  a  remarkable  exception,  since 
properties  in  this  respect  ere  exactly  tlie  reyerse  of  those  manifested 
by  Bteel.  When  copper  is  rapidly  cooled  it  becomes  soft  and  malleable, 
out  when  it  is  slowSy  cooled  it  becomes  hard  and  brittle. 

Bronae,  which  is  an  alloy  of  copper  and  tin,  undergoes,  by  change 
of  temperature,  the  same  changes  as  copper,  but  in  a  more  remarkable 
degree. 

A  recent  fracture  of  bronze,  which  has  been  rapidly  cooled,  presents 
a  yellow  color ;  but  after  it  has  been  slowly  cooled  the  color  is  a  bril- 
liant white,  like  pure  tin.  It  is  thus  evident  that  hardening  and  anneal- 
ing cause  different  arrangements  of  the  particles  of  copper  and  tin  of 
■which  the  bronze  is  composed. 

179.  HammerinB. — By  hamiiering,  the  molecules  of  many  bodies 
are  brought  nearer  to  each  other,  so  that  their  density  is  increased. 
By  rolling,  wire-drawing,  extension,  compression,  bending,  twisting, 
or  any  mechanical  means  by  which  the  limits  of  elasticity  are  passed, 
changes  are  effected  similar  to  those  produced  by  hammering. 

Iiead  jield9  under  tlie  hammer  or  rollmg-mn!  nithout  increasing  its  density, 
but  it!  density  maj  be  increased  by  compressing  in  dies,  or  in  any  situation 
where  It  ims  no  room  to  spread  out  under  the  aetioQ  of  tte  oomproEsing  force. 

By        h  mBchanical  means  the  physical  properties  of  solid  bodies  nndergo 

b     g  alogous  lo  those  produced  by  tempering.     They  beoome  densa,  *ena^ 

h     d  brittle,  and  their  limit  of  elasticity  (188)  is  increased,  although  their 

1  f      e  is  unchanged,  as  was  shown  by  Coulomb,  from  the  fact  that  thoii 

b    t  n  either  condition  are  accomplished  in  the  same  time. 

A  Img  restores  the  metals  to  the  same  condition  as  before  they  were  mb- 
mtldt  mechanical  force.  Iron  and  platinum  require  to  be  frequently  anneuled 
dnn  g  th    process  of  drawing  into  wire. 

Th  enta  gave  to  the  bronie  plalaa  of  their  armor  the  neceasnry  hardness 

by  b  cam     ng. 

Wh  c  and  iron  have  been  hardened  by  rolling,  the  tenacity  and  elasfioity 

are  t  th  same  in  both  directions  of  the  plates,  and  rolling  does  not  ioereace 
the  tenacity  in  so  great  a  degree  as  drawing  into  wire,     M.  Narier  found  that  a 


but  only  36  kilog 
support  suspensii 


db,  Google 


THE   THREE  STATES   OP   MATTER. 
uch  stroDger  than  the  same  amoDDt  of  iron  it.  tbe  form  of  rodi 


180.  Changes  of  structuie,  affectine  the  me clianical  proper- 
ties of  metals,  take  place  spontaQeouslj  bj  the  lapse  of  time,  or  more 
rapidly  by  die  influence  of  heat  or  vibrations. 

These  cbangcs  have  been  principally  observed  in  iron.  When  this 
metal  is  reoontlj  forg  g  9  d  its  fracture 


ia  fibrous  and  of  a  « 

subject. 

id  to  frequent 

hard  and  brittle,  and 

brillian 

t  facets.     Thi 

riages. 

is  produced  ' 

especially  in  the  sevt 

known 

to  engineers 

trains  a 

t  but  modera 

rature  i 

lear  to  zero. 

t  of  friction. 

«  facts,  well 

1  of  running 

Ltes  a  teuipe- 

tte 

tenaelty,  talta  place  in 

chalna  and  anchors, 
aao  has  obsMvea  bars 

of  iron,  whict  becanie  almost  as  brittle  aa  glass  by  remaiQing  for  &  long  time 

Some  curious  results  produced  by  vibration  were  discovered  by 
Savart,  who,  having  caused  strips  of  glass  and  bars  of  metal,  drawn 
into  wire,  to  vibrate  in  the  direction  of  tlieir  length,  found  that  they 
gave  out  at  first  very  indistinct  and  confused  sounds,  but  on  continuing 
the  experiments  for  a  long  time  this  confusiou  gave  place  to  clear  and 
distinct  tones,  which  were  obtained  with  ease. 

Brass  wire  strained  like  the  strings  of  a  piano,  where  it  is  exposed 
to  atmospheric  changes  and  constant  vibration  from  currents  of  air,  in 
a  few  months  loses  its  tenacity  and  becomes  completely  friable,  show- 
ing in  its  cross  fractnre  a  radiated  structure. 

Annealing  produces  the  flame  cfiect,  in  this  respect,  as  vibration.  Snbstances 
sast  in  the  form  of  plates  do  not  resoond  well  until  afler  the  lapse  of  several 
da;s.  Sulphur,  eooled  in  the  form  of  a  disc,  docg  not  at  first  give  oat  a  clear 
laund,  bui  afler  a  lime  il  vibrates  readilj,  and  after  the  lapse  of  some  months 
(he  sound  emitted  is  very  much  changed.    This  proves  that  there  has  been  some 

J  6.  Collision  of  Solid  Bodies. 

181.  Motion  cammanicated  by  oolliaion. —  When  two  solid  bodiei 
come  into  collision,  the  motion  is  TedislHbuted  throtigh  them,  whetier  oM 
w  both  bodies  are  in  motion. 

1.  If  the  bodies  are  soft  and  tenacious,  or  if  the  shock  is  not  so 
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UDiform  r 
impact,  I  lis. 

2.  If  the  bodies  are  hard  and  inelastic,  and  the  collision  takes  place 
at  only  a  small  portion  of  the  surfaces,  and  if  the  shocli  is  so  great  as  to 
overcome  the  tenacity  of  one  or  both  bodies  before  motion  is  uniformly 
distributed  through  the  masses,  tbey  will  be  broken  in  pieces,  and  the 
fragments  scattered  in  different  directions. 

3.  If  ihe  bodies  are  ao  elastic  that  motion  may  be  distributed  through 
the  mass  before  the  limit  of  elasticity  is  passed,  a  reaction  will  take 
place,  and  the  elasticity  wil!  modify  the  distribution  of  motion, 

182.  Direct  impact  of  elastic  bodies. — When  two  elastic  spheri- 
cal bodies  m  and  m',  flg.  131,  come  into  collision,  while  moving  in  the 
same  straight  line,  they  will  undergo  compression  or  flattening,  as  shown 
in  the  figure,  and  their  centres  will  continue  to  approach  each  other 
until  they  acquire  a  common  velocity  (112).     This  velocity  is  repre- 

aeoted  by  a^ ~ — —,  u  and  u' being  the  velocities  before  impact, 

and  X  the  common  velocity  of  their  centres  of  gravity  at  the  instant  of 

greatest  compression.   If  the  limit  of  elasticity  has  131 

not  been  passed,  the  elastic  ty  of  the  two  b 

will  now  act  as   an   internal  force    ciusing 

centres  of  gravity  to  recede  from  eath  other   until  - 

the  bodies  recover  their  original  forms  ^shBQ  they 

separate,  and  the  shock  terminates 

183.  Modulus  of  elasticity  — When  two  ehstic  b  lie?  meet  the 
force  with  which  they  are  urged  towards  each  other  is  called  thejince 
of  compression ;  the  force  of  elistioity  causing  their  centres  to  recede 
during  the  second  interval  of  the  shoLk  is  called  t\ia  force  of  restitution, 
the  ratio  of  these  two  forces  is  called  the  modulus  of  elaaHuiy  When 
tJiis  ratio  is  unity,  or  the  force  of  restitution  is  equal  to  the  force  of 
compression,  the  bodies  are  said  to  be  perfectly  elastic.  When  this 
ratio  is  zero,  the  bodies  are  said  to  be  inelastic.  For  any  value  of  this 
ratio,  between  these   extremes,  the  bodies  are  said  to  be  imperfectly 

There  are  no  bodies  known  that  are  perfectly  elastic,  or  perfectly 
inelastic ;  hence  in  considering  the  collision  of  solid  bodies,  it  is  neces- 
sary to  take  intu  account  the  degree  of  elasticity  which  they  possess. 

The  following  table  exhibits  tlie  degree  of  elasticity  of  several  com- 
mon substances,  perfect  elasticity  being  taken  aa  unity. 
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..«„.... 

Deg^Dtola. 

11 
city.  ||           Substsncee. 

Begreeof  elustklty. 

Glass 

0-94 

1  Bell  metal,  .    .    . 

o-e? 

Hard-baked  c1»y, 

ICotk 

0'85 

[y^ry,      .... 

JUel,  hardeaed,    . 

Clay  just  yielding) 

Jflst-iron,    .     .     . 

to  the  hand,        J 

Steel,  soft,  .     .     . 

0-67 

184.  Velocity  of  elastic  bodies  afle     di  ect    mpaot, — If  two 
imperfectly  elastic  bodies,  m  and  m',  m  n    h      an      straight  line 

with  velocities  i*  and  «',  u  being  great  tl  an  u  the  hrst  body  will 
overtake  and  strike  againat  the  second  w  th  the  an  firoe  as  if  tha 
second  body  were  at  rest,  and  the  first  b  1  we  e  n  ng  with  a  velo- 
city equal  to  u  —  «'.  The  two  bodies,  b  ng  elaet  w  U  aufFer  com- 
pression until  they  acquire  a  common  velocity. 


The  velocity  lost  by  m  at  this  instant  will  be  u  —  x,  and  the  velocity 
gained  by  tn'  will  be  a;  —  u' 

Let  e  be  tbo  modolua  of  elaeticity,  and  v  and  v'  the  velocitiea  of  the  two  bodies 
after  they  recover  their  original  forma  at  the  cloee  of  the  aocoud  period  of  the 
shock. 

Since  tie  forces  of  compression  and  reetitutlon  are  in  proportion  to  tlie  velo- 
oitiea  they  geDerate  or  destroy,  the  velocity  destroyed  in  m  by  the  fore*  of 
reatitntion  will  be  e  (n  —  x),  aud  the  velocity  gained  by  m',  by  the  force  of  rcati- 

Henoe  the  whole  velocity  lost  by  «•  will  be  (1  -f-  e)  (u  —  i),  and  the  whole 
velocity  gained  by  m'  will  be  (1  +  e)  (a;  —  u').  The  velocity  of  m  after  impact 
will  be 

.  =  «-(!  -He)  («-»:)  =  »:-<(  u  —  x).  (a) 

Thi  velocity  of  ra'  after  impact  will  be 

Substituting  the  value  of  x  in  the 


rmula  (a)  and  (l),  and   reducing,  we 


™  +  ; 
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From  the  preceding  fonnul«  we  may  deduce  I  lie  foUowiDg  general 
conclusions; 

I.  If  Iwo  bodies  are  perfectly  elastic,  their  relative  velocities  bejiire  and 
after  impact  are  the  same. 
Making  «  =  1  in  (a]  Mid  {bj,  and  Eutilrscting  the  Utter  from  the  former,  ir> 


2,  If  the  bodies  are  perfectly  elastic  and  equal,  they  teill  interchange 
velocities  by  impact. 

Mating  m  =  m',  unA  e  =  lia  (c)  nod  {d), 

l>'  =  4(„  +  u'J  +  i(„  _„')  =  ... 

3.  By  Ike  impact  of  bodies,  whether  elastic  or  otherwise,  no  motion  is 

Maltipljing  (c)  bj  m,  and  (d)  by  m',  and  adding  and  cancelling  similar  terms. 


impact,  and  the  eeuond  member  the  sum  of  their  momenta  before 

4.  The  velocity  which  one  body  communicates  to  another  al  rest,  when 
perfectly  elastic,  is  equal  to  twice  l/ie  velocity  of  the  former,  divided  by  one 
plus  the  ratio  of  the  masses  of  the  two  bodies. 

In  formnia  (rf)  lot  m'  -    ™,     «'  =  0,     and  «  =  1,  we  shail  then  obtain 


5.  TFAeii  a  body  in  motion  strikes  another  equal  body  at  rest,  both 
bodies  being  perfectly  elastic,  thefrst  body  comes  to  a  slate  of  rent,  and 
the  second  flies  off  with  the  previous  velocity  of  the  first. 

If  the  two  masses  are  equal,  t-  ^  1  in  the  last  formula,  and  o'  =^ii. 
Scholium. — If  a  series  of  perfectly  elaatic  balls  are  arranged  in  a 
line,  and  bU  are  in  contact  before  impact,  escept  the  first,  which  is 
made  to  strike  against  the  second,  all  the  balls  except  the  last  will 
remain  in  contact,  and  at  rest,  after  impact,  and  the  last  will  move  off 
with  the  velocity  of  the  first. 
15* 
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185.  Ttansmlssioii  of  shock  throtigb  a  series  or  elastic  balls 

Experimental  illustration  of  elasticity  — If  Bevpral  equ'il  iTOry 
balls  are  suspended,  as  Bhonn  in  fig 
132,  when  1  io  drawn  back  to  a,  and 
let  fall  against  2,  only  the  last  in  the 
series,  7,  wilt  move;  this  will  start 
with  the  velocitj  which  1  had  at  the 
instant  of  striking  against  2,  and  it 
will  flj  off  to  the  position  b,  at  a  dis- 
tance equal  to  the  limit  to  which  the  first  had  been  drawn  back ;  it  will 
then  return  striking  against  6,  which  will  again  be  set  in  motion,  all 
the  others  remaining  at  rest.  This  alternate  movement  of  the  extreme 
balls  of  the  series  will  continue  until  friction,  and  the  resistance  of  the 
air  conspiring  with  the  slightly  imperfect  elasticity  of  the  balls,  at  length 
causes  the  action  to  cease. 


ProblemB. — Biasticity  of  Tension. 

T4.  A  rectangular  bat  of  iron  whoaa  transversa  section  is  one  squsro  centi- 
metre, and  nbosB  length  is  tbree  feet,  is  suspendod  with  its  upper  estremitj 
ottftched  U>  a  firm  support :  what  weight  must  be  suspended  At,  its  loner  extremity 
to  cause  a  temporary  elongation  of  one-fourth  of  an  inch  when  the  temperature 
il  J4'>  S.,  50°  P.,  212°  F.,  392°  P.7 

This  problem  maj  be  solved  for  rods  of  any  of  the  metaU  mentioned  in  the 
table  (161). 

fS.  A  rectangulaT  bar  of  hammered  brass  2i  feet  in  lengtb,  suspended  by  its 
upper  eitremity,  supports  a  weight  of  75  kilogrammeB ;  how  much  will  it  be 
lomporarilj  elongated  when  the  temperature  is  raised   (o  40°  F.  ? 

Elasticity  of  Flexure. 

76.  If  a  beam  10  foot  long,  3  inobes  wide,  and  G  Incbea  in  deptli,  snffecs  a. 
certain  amount  of  flexure  when  one  end  is  firmlj'  supported  in  a  wall,  what 

material,  15  feet  long,  6  inches  wide,  and  9  inches  in  depth? 

77.  What  weight  suspended  at  the  middle  of  the  last-mentioned  beam  will  be 
required  to  produce  an  equal  amount  of  flexure  when  the  beam  is  supported  at 
both  ends? 

Tenacity. 

78.  How  many  pounds  weight,  suspended  b;  a  steel  wire  hanging  vertically, 
will  be  required  to  break  it  when  the  wire  is  one-fourth  of  an  men  in  diameter? 

Calculate  for  both  tempered  and  unlenipered  steel. 

79.  In  a  pendulum  experiment,  it  is  required  to  suspend  a  weight  of  81  lb». 
by  a  copper  wire.  What  must  be  the  diameter  of  the  wire,  when,  for  the  sake 
of  seeurit;,  i  is  deducted  from  its  strength  as  given  by  the  tablo  ? 

Transverse  Strengtb. 

80.  If  a  b«tm  of  oak,  S  iocbes  wide  by  9  iucbes  in  depth,  project!  26  feet 
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ftam  a  irall  in  which  it  is  secured,  what  weight  Euspended  at  tlie  end,  as  it 
128,  will  be  required  to  break  it,  no  account  being  taken  of  the  weight  el 
beam  itaclf  ? 

81.  What  weight  will  be  required  lo  break  a  cylinder  of  cast  iron  25  feet  1 


S2.  What  weight,  placed  at  the  centre  of  the  greater  epan  of  the  Britonnij 
TiibHlar  Bridge,  would  he  required  to  break  It,  calling  the  breadth  of  tbe  tubt 
IJ  feet,  height  30  feat,  calculating  for  a  single  thiekness,  J  of  an  inch  of  platt 
Iron,  and  estimating  the  tenacity  equal  to  a  force  of  60,000  lbs.  to  the  aquart 
inch? 

83.  Deducting  from  the  weight  found  in  tbe  last  problem,  the  weight  jf  one. 
half  the  length  of  tube  spanning  tbe  greaWr  opening,  and  estimating  the  work- 
ing load  as  j  tbe  breaking  weight,  how  heary  a  train  might  safely  cross  thi 

84.  How  heavy  a  triun  may  safely  cross  tbe  Victoria  Bridge  (1721,  if  th( 
thickness  of  the  tube  at  the  centre  is  i  an  inch,  and  if,  disregarding  tbe  weighi 
of  the  tube  itself,  the  train  is  limiWd  to  J  tbe  absolute  tenacity  of  the  BtructnrBl 

Si.  What  weight  can  be  sustained  at  the  middle  of  the  strongest  rectangnlai 
beam  that  can  be  sawn  from  a  birch  log  2  feet  in  diameter,  and  30  feet  long 
reckoning  tha  weight  of  the  timber  nine-tenths  that  of  water  ? 

Impact  of  Elastic  Bodies. 

SB.  Two  glass  spheres  weighing  IJ  oi,  and  7  OB.  respectively,  moce  in  thi 
same  direetion  with  Teloeitiee  of  8  feet  and  i  feet  m  a  eecond.  Find  tbe  respeo 
tire  valocitiea  of  the  two  balls  after  impact,  and  tbeir  common  velocity  at  thi 
instant  of  greatest  condensation. 

This  problem  may  be  varied  by  substiiuting  for  glass,  halls  made  of  eacl 
BDbstance  whose  degree  of  elasticity  ia  given  in  the  table  {1S3). 

87.  A  perfectly  elastic  body  »i,  moving  with  a  velocity  of  12,  itnpinges  01 
another  perfectly  elastic  body,  m',  moving  in  the  opposite  direction  with  a  velo 
flity  of  5 ;  by  impact  <n  loses  ooe-tLirJ  of  its  momentum.  What  are  the  relativ 
weights  of  tbe  masses  «'  and  <n'  ? 

■' ■      ]  rest.     The  velocity  of  m  afte 


with  velocities  of  25  and  26  feet  per  second  respectively,  impinge  directly  npon 
each  other.     Find  the  distance  between  them  4^  eeeonds  after  impact. 

90.  A  number  of  perftetly  elastic  balls  are  placed  in  a  right  line.    The  first  ii 
made  to  start  with  a  given  velocity ;  detfirmine  tbe  ratio  of  the  balls  so  that  IK 


a  height  of  40  feet.     How  high  will  it  rebound, 


92.  An  ivory  ball  falls  from  an  elevation  of  100  feet.  With  what  velocily  m 
another  similar  hall  be  projected  upward  in  tbe  same  vertical  line,  that  al 
the  two  halls  meet,  the  £rst  ball  may  retnrn  to  tbe  same  elevation  from  wb 
U  fell  7 
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CHAPTER  III. 

OP  FLUIDS. 


J  I.    Hydiostatics. 

I.    nSTlNQUISHING    PBOPEBTIES  OP    LIQCIDS. 

186.  Sefinitione. — Fluids — Hydrodynamics.— J'iui<?5  are  bodies 
in  whieli  the  attracliTe  and  repulsive  forces  (146)  are,  Ist,  either  in  per- 
fect equiUbrium,  producing  liquids  or  inelastic  fluids ;  or  2d,  in  which 
the  repulaive  force  holds  sway,  producing  gases  or  elastic  fluids. 

Hydrodyiiamics  treats  of  the  peoulioritiea  of  state  and  motion  among 
fluid  bodies,  both  liquids  and  gases  (15).  It  is  subdivided  into  hydro- 
alatica,  or  fluids  at  rest,  and  hydraulics,  or  fluids  in  motion. 

187.  Mechanical  condition  of  liquids. — Liquids,  owing  to  the 
slight  cohesive  attraction  among  their  particles,  possess  no  definite  form, 
but  adapt  themselves  to  the  shape  of  the  containing  vessel.  This  is  a 
necessary  consequence  of  the  perfect  freedom  of  motion  among  the  par- 
ticles of  a  liquid.  Liquids  vary  very  much,  however,  in  the  degree  of 
their  fluidity,  as  between  thin  mobile  liquids  like  alcohol  or  water,  and 
thick,  viscous,  bodies  like  oils  and  tar.  In  viscous  bodies,  the  imperfect 
fluidity  is  a  consequence  of  the  only  partial  ascendency  of  the  repulsive 
force,  leaving  still  a  notable  amount  of  cohesion  among  the  particles. 
Heat  serves  to  increase  the  repulsive  force,  and  so  converts  viscous  into 
thin  liquids. 

Liquids  and  gases  arc  conveniently  distinguished  as  non-elastic  and 
elastic  fluids,  but  this  distinction  is  not  absolute,  since  all  liquids  possess 
some  elasticity,  more,  usually,  than  belongs  to  the  solid  state  of  the  same 
bodies. 

]  88.  Elaatlcity  of  liqui  da  .—Compressibility  .—We  have  already. 
in  sec.  21,  illustrated  the  compressihllity  of  water.  The  researches 
of  Canton,  in  1701,  Oersted,  in  1823,  and  others  of  later  dates,  have 
proved  that  all  liquids  are  slightly  compressible.  The  piezometei 
{tti,t%a,  to  press,  and  ^crpw,  a  measure)  is  an  instrument  designed  to 
measure  the  compressibility  of  Uquids.  Oersted's  apparatus,  fig.  133, 
consists  of  a  strong  glass  cylinder;  twenty-four  or  twenty-five  inches 
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Supposing  each  division  of  the  capillary 
tube  held  but  a  millionth  part  as  much  us 
the  veasel  A,  then  if  the  liquid  to  be  com. 
pressed  was  water  (at   the   pressure  of  one  atmosphere),  we  should 
observe  the  mercury  to  rise  between  49  and  50  divisions. 

There  is  one  correction  to  be  made  in  the  observations  obtained  by 
this  instrument ;  it  might  be  supposed  that  the  capacity  of  A  would  be 
invariable,  the  exterior  and  interior  walla  being  compressed  equally  by 
the  liquid,  but  it  is  not  so;  the  interior  capacity  of  the  vase  undergoes 
the  same  diminution  as  would  a  body  of  glass  of  the  same  form  and 
volume,  submitted  to  the  same  pressure.  This  dimin 
to  about  33  ten  millionths  (jir.oJiS.iiiso)'  "^^  ^^^  primitive  volui 
»ach  atmosphere  of  pressure. 

This  quantity  can  be  calculated  in  any  case,  as  well  for  glass 
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copper  and  braaa  (the  three  materials  used  in  the  improved  piezometer 
of  Kegnauk),  from  the  known  elongation  of  rods  of  these  subBtancea 
Bt  the  same  tension,  according  to  the  laws  of  Wertheim  (160).  ftl. 
Graesi  {Aim.  de  Ckimie  el  Phys.,  3'  Sirie.  Tom.  XXXI.,  p.  437)  naa 
lately  revised  the  results  of  Oersted,  Canton,  and  of  Messrs.  CoUadon  and 
Sturm,  on  a  great  number  of  liquids,  and  at  different  temperatures 
The  compressibility  of  water  diminishes  with  increasing  temperatures. 
On  the  other  hand,  heat  increases  the  compressihility  of  alcohol,  ether, 
chloroform,  and  wood  spirit. 

Salt  or  sulphuric  acid  diminishes  the  conipressibilitj  of  water  in  pro- 
portion to  the  qnantity  dissolved,  but  for  a  given  density  these  solu- 
tions obey  the  same  order  as  pure  water. 

Grassi's  principal  resulta  are  given  in  the  following  table,  the  com- 
pressibility being  parts  in  a  million  at  a  pressure  of  one  atmosphere : 


...»..„. 

».,„„.. 

';vs;,'^s.^^. 

Water,    '....'. 

Do.'         .     .     .     '.     . 

Ether,        

Do 

Alcohol, 

Do 

Woodepirit,      .    .    . 

Chloroform,  .... 

Do 

32"  F. 

77= 

33= 
57° 
4S= 
fi5i= 
66" 
47= 
54= 

• 

m'fiii. 

S5 

6 

0 
0 

3-408 
1-680 
3  302 

1)00,140 

l)00)091 
000,062 

3 

It  appears,  that  of  all  liquids  tried,  mercury  has  the  least,  and  ether 
the  greatest,  ratio  of  compressibility.  The  pressures  were  carried  to 
the  great  extent  of  220  atmospheres. 

Ejlaaticitj. — It  is  hardly  requisite  to  remark  that  the  return  of  com 
pressed  liquids  to  their  original  bulk,  on  removal  of  pressure,  is  proof 
af  an  elastic  force  in  them  equal  to  tbeir  ratio  of  compressibility 

Conaeqiienoea. — It  follows  from  what  has  been  said, — 

First.  That  the  molecules  of  liquids,  owing  to  the  entire  freedom  of 
motion  among  themselves,  are  in  equilibrium. 

Second.  That  liquids  possess  perfect  elasticity,  and  a  slight  dej^ree  of 
oomiressibility. 


both  indepen 
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II.     TRANEHISEION  OF  FRESSCBB  [M  MqUSBS, 

i89.  Liquids  transmit  piesauie  equally  in  all  directions. — 
Liquids  Iransmil  in  all  directions,  and  leilh  the  same  intensity,  the  pres- 
ture  exerted  on  any  point  of  their  mass. 

This  important  theorem  was  first  olesirlj  announced  by  B,  Pascal. 
Let  fig  134  be  a  vessel  filled  with  a  liquid,  and  furnisbed  with  a  num- 
ber of  equal  cylinders,  in  each  of  which  is  a  well-fitting  piston.  The 
Tesael  and  liquid  are  botb  assumed  to  be  witboui  weight,  consequently 
none  of  the  pistons  have  any  tendency  to  move.  If  pressure  is  applied 
to  the  piston  A,  it  will  be  forced  inwards,  and  the  other  pistons  B,  0,  D, 
and  B,  of  equal  area,  will  each  be  forced  outwards  with  the  same  pres- 
sure, BO  that  if  the  piston  A  was  pressed  inwards  with  a  force  of  one  pound, 
it  would  be  found  necessary  to  apply  a  force  134 

of  one  pound  to  each  of  the  other  piston?, 
in  order  to  keep  them  in  their  place.  If 
the  area  of  B  and  C  was  two  or  three  times 
that  of  A,  then  the  pressure  upon  them 
would  be  two  or  three  times  as  great  W  e 
cannot  perfectly  demonstrate  that  liquids 
transmit  pressure  ecpally  in  all  direuiona 
(because  we  cannot  obtain  f  r  experiment 
as  would  be  necessary,  liquids  wlt^out 
weight,  and  pistons  workiiig  with  ut  frii, 
tion),  but  that  this  pressure  is  exerted  in  all  din 
simple  apparatus,  fig.  135,  consisting  of  a  cylinder,  furnislied  with  i 
piston   and  terminated  by  a  sphere ;   on  this  1S5 

sphere  ace  placed  small  tubes,  jutting  out  in 
alt  directions;  upon  filling  the  sphere  and 
cylinder  with  water,  and  pressing  upon  the 
piston,  the  water  is  forced  out  from  each  of  the 
jets  with  equal  energy.  This  is 
consequence  of  the  mechanical  c 
liquids  (187). 

Let  A  represent  the  area  of  any  portion  of 
the  inner  surface  of  a  vesee!,  and  A'  that  of  any 
other  portion  of  the  same  vessel,  while  P  and 
P'  are  the  pressures  exerted  on  these  surfaces 
respectively  by  any  force  of  eompression  on 
the  liquid,  and  we  have 

P:P'^A:A'. 


I!  f 


0  follows  that  this  expression  represents  correctly  the 
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eserted  on  any  solid  body  plunged  in  the  liquid,  as  well  as  for  any  part 
of  the  seotiona!  area  of  the  liquid  itself.     Henee : — 

The  entire  pressure  sustained  by  any  surface  is  proportional  to  ilJ)  area, 
"and  tliua,"  says  Pascal  in  his  Treatise  on  the  Equilibrium  of  Fhiida, 
it  appears  that  a  vessel  full  of  water  is  a  new  Principle  ia  MechaDica, 
and  a  new  Machine  which  will  multiply  force  t«  any  degree  we  choose." 
Paaca!  also  referred  the  equilibrium  of  fluids  to  the  principle  of  virtual 
relooities  which  regulatee  the  equilibrium  of  other  machioes  (105). 

190.  The  Bramali  Hyflroatatio  Press. — This  powerful  appuiatui 
depends  upon  the  principle  just  announced.  136 

Want  uf  good  workmanship  alone  prevented 
Pascal  from  realizing  his  conception  of  this 
machine  (in  1653),  as  was  long  afterwards 
(i  D   1T96),  done  by  Braniab,  at  London. 

A    the  I    m    f  Ih    vesiei  has  no  mfluence   \ 
n  the  equal  t  an  m  aiiLn  of  pressmes, 
the   p    nt     f    ap^l    ation   of    forue    miy   be  j 
e  tuat  d  at  any  con  enient  distauLe  from  the  J 
p  es      t  s  pla  n  that  the  methanician  can 
th  8  p   n    plea   c     umstinoes  demand     Thus,  Jn  fig.  136,  the  piston  « 
maybe  to  the  larger  one  6  o  as  1  ;  20,  and  hence  a  pressure  of  one  pound 


eiorted 
any  pressor 


db,  Google 


OF   FLUIDS.  163 

The  main  parts  of  tlie  Sramnh  b^drostatic  press,  lig.  l^T,  cnosist  of  a  Email 

ca,teB  with  a,  large  ajid  strong  cylindriual  reservuir,  B,  by  a,  tube  indiuated  by  tba 
dotted  lines  in  tbe  ligare.  In  this  cylinder  a,  irnter-tigbt  piston  moves,  bearing 
at  its  npper  end  a,  flat  metallic  plate,  between  which  and  tie  top  of  tbe  tVaiue, 
D,  the  substance,  M,  to  be  compressed,  is  placed. 

The  cjlinders  are  filled  by  means  of  the  curved  tube  H,  one  end  of  wbicb 

■roiking  the  piston,  tbe  barrels  A  aad  B  ure  completely  filled  irith  valer.    Ths 


If  the  cylinder  B  has  an  area  of  200  square  inches,  and  the  small  cylinder  aa 
i.rea  of  half  a  square  incb,  the  pressure  of  the  water  on  the  piston  aboTe  B,  wiU 
be  400  times  that  applied  at  the  lever.  But  let  the  arms  of  tbe  lever  be  to  each 
otber  as  one  to  fifty,  then  when  a  fared  of  fifty  pounds  is  applied  at  the  long 
arm,  the  piston  will  descend  with  a  force  of  2500  pounds  (&0  X  ^0  =  2S00), 
and  there  will  be  exerted,  theoretioally,  a  force  of  1,000,000  pounds  upon  the 
piston  in  B  (50  X  50  X  ^00  =  1,000,000),  or,  deducting  one-fourtb  for  tbe  loss 
occasioned  by  the  different  impediments  to  motion,  a  man  would  still  be  able  lo 
exert  a  force  of  750,000  pounds, 

This  enocmoua  raault  is  gained,  of  courae,  very  slowly,  in  accordance 
with  the  weli-koown  relation  of  power  to  weight  (109). 

Usss  In  the  arta.— The  hydtoalatie  (often  called  hydraulic)  press  is  of 
eitenaivs  use  in  the  industrial  arts.  It  is  employed  for  compressing  cloth,  oil- 
cake, paper,  hay,  gunpowder,  candles,  vermicelli,  and  for  numerous  other  arti- 
cles, to  whiob  the  proper  form  or  condition  is  imparted  by  severe  pressure; 
also  for  testing  steam-boilers  and  cbain  cables,  liie  tubes  of  the  famous 
Britannia  tubular  bridge  over  the  straits  of  Menai  (172)  were  raised  to  their 
place  by  means  of  powerful  hydraulie  presses. 

191.  Fieaaure  of  a  liqaid   on   the  bottom  of  a.  veBsel. — The 

pressure  exerted  by  a  liquid  on  the  horizontal  base  of  a  containing  vessel, 
is  \st,  independent  of  ike  shape  of  the  vessel,  and  2d,  is  equal  to  the 
weight  of  a  column  of  this  liquid,  whose  base  is  that  of  the  vessel,  and 
whose  height  eijuals  the  depth  of  the  liquid. 

la  a  conical  vessel,  standing  on  its  base  and  filled  with  liq^uid,  ooo 
ceive  any  Dumber  of  horizontal  planes,  dividing  the  contents  of  the 
vessel  into  a  series  of  frustums,  so  thin  that  eauh  frustum  may  he 
considered  a  cylinder.  It  is  evident  that  the  pressure  exerted  hy  each 
oylindrical  mass  on  its  own  base  ia  equal  to  ita  otrn  weight,  But  by 
the  principle  of  Pascal  each  sacceeding  section  will  have  to  support 
a  pressure,  as  much  greater  than  the  weight  of  the  superincumbent 
masses  as  the  area  of  its  baae  ia  greater  than  Che  area  of  the  baso  of 
16 
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tliit  precediDg  it.  Hence,  the  base  of  the  conical  vessel 
wilt  support  a  pressure  equal  to  the  weight  of  a  column  of 
water  whose  base  and  height  are  respectively  those  of  the 
vessel. 

Evidently,  from  this  reasoning,  if  the  conical  vessel  is  in- 
verted, or  its  form  is  in  any  way  modified,  the  same  law  holds 

■  The  truth  of  this  principle  may  be  esperimen tally  demon- 
strated by  means  of  the  apparatus  in  fig.  138.  If  this  instru- 
ment is  placed  in  a  liquid,  the  piston  C  is  forced  in  with  a 
pressure  equal  to  the  weight  of  a  column  of  the  liquid,  whose 
base  has  the  area  of  the  piston,  and  whose  height  is  equal  to 
the  depth  of  the  liquid  above  the  surface  of  the  piston. 

To  demonstrate  that  the  pressure  is  independent  of  the  form  of  the 
vessel,  M.  Haldat  has  contrived  the  apparatus,  fig.  139.  It  consists  of 
a  tube,  A  B  c,  bent  twice  at  right  angles.  On  A,  may  be  placed  the 
vessels  M  and  P,  of  equal  height,  but  of  difi'crent  forms.  The  tuba 
AB  c  is  filled  with  mercury,  which  rises  to  an  equal  height  in  A  and  c ; 
M  is  then  placed  on  A,  and  filled  with  water  ;  the  mercury  immediately 
rises  in  c,  to  a  certain  point,  as  a.  We  then  replace  M  by  P,  and  fill 
with  water  to  the  same  height  as  jjg 

before.  The  mercury  again  ri'ei 
to  the  point  a,  as  it  did  with  the 
vessel  M ;  it  is  evident  that  tbe 
pressure  transmitted  to  the  mer- 
cury in  the  direction  A  B,  was 
same  in  both  cases,  provmg,  moht 
conclusively,  that  the  pressure  d 
not  depend  upon  the  quantity  of 
liquid,  for  the  vessels  M  and  P  differ  | 

greatly  in  capacity.   The  area  of  the  ' _  

base  formed  by  the  surface  of  the 

mercury,  and  the  vertical  height  formed  Iv  thp  column  of  witer,  were, 
however,  the  same  in  both  cases,  and  upon  these,  as  before  stated,  the 
pressure  depends.  In  the  case  of  a  vessel  having  vertical  walls,  the  pres- 
sure would  be  equal  to  the  weight  of  the  liquid  the  vessel  contained. 

192.  Upward  preaanre.— Having  shown  that  pressure  in  liquids  i* 
oierted  from  above,  downwards;  it  follows,  from  the  law  of  equality 
of  pressure,  that  a  corresponding  force  is  exerted  from  below,  upwards. 
This  pressure  is  made  very  manifest  by  the  buoyancy  esperienced  when 
we  plunge  the  hand  into  a  liquid  of  great  density,  as  into  mercury     In 
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order  to  Jemonstrate  th  i     p  vard  i  re    ure  exper 

glass    3  taken   open  at  1  oil   end     tg   140   1 

d   k  of  glas«    B   wh    h    B  eupportel  hj  n  ed 

centre    the  whole    8  tl  en  plnoed   n  a  Tessel 

of  vatcr  aod  abandone  1   to    t  elf     the  d  sk 

ren  a  ds  atti  hel  to  the  eod  of  the  cvl  uder 

cw  ng  to  the  upward  pressure  of  tl  e  water 

If  now  the    nter  or  tube  be  carefullj  filled 

the  d  sk  11  II  not  fall     nt  1  tl  e  level     f  the 

water  w  th  n  the  tube  s  nearly  the  ea  ne  as 

that    n   the   out  r     es  el    pro    ng  that   tl  e 

upward  p  esBure    s  equal  to  the  we  ght  of 

the  nter   rculumn  and  theref  re  that  — The 

upioard  pressure,  in  any  vessel,  is  egual  to  the 

weight  of  a  columa  of  liquid  having  the  same 

base  as   the  cylinder,  A,   and  whose   height 

equals  the  depth  of  the  section  below  the  surjace  of  the  liquid. 

193.  Pressure  on  the  sides  of  a  vessel.— Ke 
pressure  of  a  liquid  on  any  portion  of  a  lateral  wall,  is 
equal  to  the  weight  of  a  column  of  liquid,  which  has  for 
its  base  this  portion  of  the  wall,  and  for  its  height  the 
vertical  distance  from  its  centre  ofgraeity  to  the  surface 
of  the  liquid.  Thus,  in  fig.  141,  the  pressure  at  the 
height,  C  D,  of  the  wall  ia,  by  ?  191,  equal  to  the  weight 
of  the  column  AB,  Bince  the  pressure  of  this  is  com- 
municated laterally  to  all  the  particles  lying  on  the 
same  horizontal  plane.  *- ' 

This  lateral  pressure  increases,  of  course,  with  the  depth  of  liquid  in 
the  vessel.     Thus,  in  fig.  142,  the  oolumn  of  liquid  A  C  142 

pressing  with  a  certain  force  on  Z,  the  column  E  F 
will  press  on  G,  with  a  force  as  much  greater,  as  B  F  is 
deeper  than  A  C.  This  may  be  further  illustrated  by 
plunging  the  apparatus,  fig.  138,  at  various  depths  and 
in  a  horisontal  position,  the  piston  will  be  forced  in 
with  a  pressure  torreaponding  to  the  depth ;  also,  if  it 
is  placed  in  any  position  intermediate  between  the 
horizontal  and  vortiLftl,  the  pistrn  will  be  similarly 
pressed  in,  thus  showing  that  pressure  is  exerted  ^ 
equally  in  all  direttLons 

194.  Pascal's  experiment  with  a  cask.— Pascal  made  a  etrikiug 
experiment  at   Rouen,   in  1647.   tt.>  illustrate  the  enormous  pressur* 


a 
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exerted  Ly  a  loftj  column  of  water  conlained  in  a  small  tube.  A 
Btrong  cask,  filled  with  water  and  arranged  as  in  fig.  143,  was  fitted 
with  a  Bmail  tube  about  forty  feet  high.  When  Ihia  tube  was  filled 
with  water,  the  effect  of  the  pressure  tronsmitted  to  all  parts  of  the 
cask  was  sufficient  to  burst  the  vessel. 

lis 


195.  The  water  bellows,  or  hydrostatic  paradox.— Tlila  familar 
eiperiment  ia  only  a  modification  (in  form)  of  Pascal's  cask. 

The  tjdroatatio  bellows,  fig.  144,  conaiata  of  two  boards,  B  C,  and  E  D,  con- 
nected irlth  leather  or  iDdia-TubboT  elotb.  A,  in  sach  a  maoaeT  that  the  upp^r 
board  can  rise  and  fall,  like  tho  common  air  bellows.  The  tube  T  E  comiouni- 
CBtef  with  the  interior  of  the  apparatus.  Supposing  the  tube  to  have  a  cross 
■eotion  of  one  square  inch,  and  tbe  top  of  the  bellows  to  hare  a  surface  of  100 
hea,  one  pound  of  water  in  the  tube  would  lift  100  ponnds  on  the  bel- 
s  weigbt  of  the  water  acting  with  a  pressure  equal  to  one  ponnd  on  each 
neb  of  the  surface.  Tho  pressure  is  proportioned  to  tho  height  of  the 
oolumH  of  water ;  for  if  we  use  a  emaller  tube,  for  the  same  buft  of  fluid,  tha 
height  of  the  eoluian  of  water  will  be  greater,  and  will  raise  a  greater  waight ) 
If  the  tube  be  larger,  tbe  columa  nil!  not  be  so  bigh,  and  will  nob  raise  ao  large 
•  weight. 

196.  Total  pressure  on   the  walls,— In  the  vessel  ABCD    fig. 
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145,  divide  tbe  aide  A  B  into  10  equal  parte.  Supposing  tie  pressure 
at  1  to  be  one  pound,  then  the  pressure  at  2  would  be  two  pounds, 
at  3  three  pounde,  &o.,  as  the  intensity  of  the  pressure  increases  directly 
with  the  depth.  The  average  intensity  of  pressure  would  be  found  at 
the  5th  division  (or  a  point  midway  between  the  lat  and  lOtli),  and  the 
total  pressure  on  the  walls  would  he  the  same  as  if  it  sustained  the 
»Yerage  intensity  over  the  whole  lateral  surface,  and  therefore  the  total 
pressure  upon  a  wall  of  such  a  icsael,  is  equal  to  the  weight  of  a  column 
iflhe  liquid  whose  base  is  equal  to  the  urea  of  Iht  ude,  and  whose  lieigkl 
is  equal  to  one-half  of  the  depth  of  the  liqutd  i4-> 
in  the  vessel.  This  is  true,  whether  the  vessel 
be  vertical  or  inclined  in  any  direction  In  I 
the  case  of  a  cubical  vessel,  this  pressure  on  ; 
on  'd  Id  he  eq  1  to  one  half  the  |  M 
w      ht    f  h    1  q    d         I    n  d  in  the  vessel      'b C 

Total  p  eaau  e  on  tho  bottom  and  sides  of  a  ves&el — Ihe 
total  p  d     n  the  bottom  and  sides  of  a  vessel,  is  much 

gr  a  than  the  gl  t  f  the  liquid  i,ontAined  in  the  vessel  In  tho 
oas      f         b      1  I   th    pressure  exerted  on  the  bottom  is  equal  to 

the  whole  weight  of  the  liquid  (191),  the  pressure  exerted  on  each  side 
being  equal  to  half  the  weight  of  the  liquid  on  the  four  sides,  it  is  equal 
to  twice  its  weight,  consequently,  in  a  cubical  vessel  Ihe  entire  pret- 
tU7-e  exerted  on  the  bottom  and  sides  is  equai  to  three  times  the  weight  of 
the  contained  liquid. 
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throe  feel,  I8a-fl69«,  and  l2iB-484  +  186-9B96  =  1433'4336,  the  pressure  of  ».!« 
on  a  square  foot  of  surface,  at  a  deptb  of  tnenCy-tbree  feet. 

Iliat  the  pressure  prodaced  at  great  deplbs  ie  really  immense,  can  be  sh'.'nfl 
fay  eonfining  a  piece  of  wood  at  great  deptbs  in  the  sea.  The  pressure  fiTIO! 
tbe  water  into  the  porea,  an  that  it  will  nut  be  capable  of  floating  allernardi. 
A  bottle,  tbe  body  of  nbich  is  square,  if  tightly  corked  and  lowered  into  tbe 
sea,  will  be  broken  by  the  pressure.  If  the  body  of  the  bottle  is  strong  and 
Irical,  the  uork  will  be  forced  in.     Below  a  cerUin  depth,  divers  cauaol 


peneti 


nay,  perl 
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1S7.  The  centre  of  pressure  upon  any  surface  immersed  in  n 
fiuid  is  the  p«int  of  application  of  the  resultant  of  all  the  pressures 
acting  upon  it. 

If  the  pressure  of  a  Baii  upon  an  immersed  surface  were  the  sams 
at  alt  depths,  the  centre  of  pressure  would  be  at  the  centre  of  gravity 
of  the  surface.  But  as  the  pressure  increases  with  the  depth,  the  centre 
of  pressure  will  always  he  below  the  centre  of  gravity. 

The  centre  of  pressure  in  an  immersed  surface,  or  in  the  side  of  gf 
vessel  containing  a  fiuid,  is  a  poinl  io  lohich  a  force  eq^cd  and  opposite 
to  ike  resultant  of  all  the  pressures  must  be  applied  to  keep  the  surface  at 

The  position  of  this  point,  for  various  regular  surfaces,  has  been 
determined  hy  the  calculus. 

The  centre  of  pressure  of  a  rectangular  surface,  vertically  or  obliquely 
ioimersed,  so  as  to  have  one  side  in  the  surface  of  the  liquid,  is  in  a  line 
joining  the  centres  of  the  superior  and  inferior  bases,  and  at  a  distance 
from  the  inferior  base,  equal  to  one-third  the  height  of  the  rectangle. 
In  flg.  146  the  point  C,  in  the  line  A  B,  distant  from  B  one-third  of 
A  B,  is  the  centre  of  pressure. 


C 


"When  the  immersed  surface  is  a  triangle  having  one  side  horJEOntal, 
and  the  apex  in  the  surface  of  the  fluid,  the  centre  of  pressure  is  in  a 
line  joining  the  apex  an  1  the  centre  of  tl  e  horizontal  base  at  a  distance 
from  the  centre  of  the  base  e  jual  tn  ne-f(urth  the  bisecting  line. 
The  centre  of  pressure  in  the  trnngle  fig  147  is  at  c,  distant  from  B 
one-f.iurth  of  the  lino  AB 

When  tbe  base  ol  the  triangle  lies  in  the  surface  of  the  fluid,  the 
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centre  of  pressure  is  midway  between  the  apex  and  the  centre  of  tiiB 
base,  as  at  c,  fig.  148,  which  is  equidistant  between  A  and  B. 

198.  Preaaurea  vary  as  the  apeoifio  gravities  of  liquida.— ?W 
liqiiiii  press  on  (he  same  area  and  at  the  same  depth,  direetly  in  the  ratio 
of  their  specific  gravities.  We  have  seen  (191)  tliat  the  pressure  eserted 
on  the  base  of  a,  vessel  having  vertical  malla  ia  equal  to  the  weight  of 
the  liquid  the  vessel  contains.  Plainly,  therefore,  the  pressures  exerted 
on  the  base  of  two  equal  vessels  filled  with  equal  volumes  of  liquid  of 
•jnlike  density  will  vary  directly  with  their  specific  gravities ;  or  repre. 
senting  the  pressures  in  the  two  cases  by  P  and  P',  and  the  specifio 
gravities  by  (Sp.  Gr.)  and  (Sp.  Gr.)',  we  have 

P:P'  =  (Sp.Gr.):{Sp.Gr.Y 

III.    BQUILIBRIDM  OF   LIQUIDS. 

199.  The  conditions  of  equilibrium  in  liquids.— The  joint  effect 
of  gravitation,  and  of  the  perfect  mobility  of  the  particles  of  a  liquid,  is : — 

1,  That  the  surface  of  a  liquid  at  every  point  must  be  perpendicular  to 
the  direction  of  gravity,  i.  e.,  it  must  be  horieonial  or  level. 

This  principle,  first  distinctly  enunciated  by  Archimedes,  follows  from 
the  nature  of  gravitation,  which  acting  on  a  body  free  to  move,  causes 
its  centre  of  gravity  to  descend  as  low  as  possible.  It  is  only  when  the 
surface  is  horizontal  that  all  the  particles  of  the  fluid  mass  are  equally 
aoliciled  by  the  force  of  gravity. 

The  inequalities  of  the  solid  surface  of  the  earth  exiat,  because 
cohesion  is  opposed  to  gravitation.  Otherwise  the  mountains  would 
sink,  and  the  valleys  rise,  until  the  vfhole  mass  had  a  uniform  level. 

By  this  principle  a  surface  of  water  is  perfectly  horizontal  only  when 
its  area  is  so  limited  that  the  direction  of  tho  149 

forces  of  gravity  can  be  regarded  as  parallel  i 
each  point.    If  an  observer  is  stationed  at  C 
149,  and  0  A  is  one  mile,  the  subtense  of  o 
ture  ( AB  or  DE)  Is  eight  inches.  But  0  C  and  BC 
are  lines  perpendicular  to  the  points  O  and  B,  and 
are  therefore  plumb  lines  (60),  and  hence  the  surface  E  0  B  it 
oal  surface.     In  other  words,  we  reach  the  more  genera!  principle:— 

That  the  resultant  of  all  the  forces  acting  at  any  point  on  the  surfan 
of  a  liquid  mass,  when  in  equilibrium,  must  be  normal  to  tlie  suifaee  ai 
that  point. 

It  follows  from  this  again  :— 
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2.  Thai  every  liquid  mass,  wJiea  in  eguilibrivm,  can  be  considered  as 
made  up  nf  an  iaJintCe  number  of  very  thin  layers,  sustaining  at  all 
points  the  same  pressure,  and,  at  each  point  of  surface,  normal  to  all  the 
forces  there  acting. 

I.  Equilibrium  of  liquids  ^hen  freed  from  the  iaflnence  of 


gravity. — It  follows, 
of  liquid  is  freed  fro      th        fl 
tnrbed  to  ita  own  lool       i        tt 
figure ;  since  then  th      pi 
oooditiona  of  equilib      m      Th 
etrated  by  a  celebrated      p 

Tbe  experiment    f  Flat  a 
gravity  might   be   aiu  ded  by 


!  of  the  last  principle,  if  a 
f  gravity,  and  abaudoued  undia- 
t  ,  that  it  will  assume  a  spherical 
th  only  form  which  can  satisfy  the 
th  ry  is  moat  beautifully  domon- 
t      lied— 


h  conceived  that  the  influence  of 
Lispending  a  mass  of  oil  in  alcohol, 
diluted  to  exactly  the  denaity  of  the  oil.  This  ooDoeption  is  perfectly 
realized  by  csperiment.  By  care  and  certain  precautiona  to  aecure 
clearness  in  the  liquids,  a  considerable  sphere  of  oil  may  be  suspended 
in  any  part  of  the  alcoholic  mixture,  and  by  a  wire  arranged  to  rotate 
as  an  aiia,  and  about  which  the  sphere  of  oil  readily  arranges  itaelf, 
the  oblate  figure  of  tbe  earth,  the  appearance  of  satellites,  or  even  the 
riDga  of  Saturn,  may  be  imitated  in  a  most  instructive  and  striking 


il  form  of  dropa  of  rain  or  dew,  and  the  globular  dropa 
of  mercury,  are  referable  to  the  conditions  of  fluid  equilibrium. 

201.  Equilibrium  of  a  liquid  in  oommuni eating  veaaela.— If 
twD  or  more  vessels  communicate  with  each  other,  the  liquids  in  both 
or  all  the  vessels  stand  at  the  same  level.  Thia  law  reats  upon  the  fact, 
that  the  pressure  of  liquids  at  equal  depths,  iso 

is  equal  in  all  directions.    If  tbe  fluid  stands 
at  a  higher  level  in  one  vessel  than  the  other, 
tbe  particles  of  the  former  exert  a  greater    i 
lateral  pressure  on  the  channel  of  commui 
cation  than  the  other  can  ;  these  particles  ai 
therefore,  continually  pushed  upwards,  until 
they  exert  an   equal   and  opposite  pressure,    i 
which  obtains  when  the  columns  are  at 
equal  height.     The  effect  ia  the  same,  what- 
ever may  he  (he  size  and  number  of  tbe  vi 
aela.    Fig.  150  represents  a  number  of  vessi 
of  different  shapes  and  capacities,  connected  with  a  c( 
if  we  pour  water  into  one  of  them,  it  will  rise  to  the  same  height 
the  other  vessels. 
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202.  Equillbiium  of  liquids  of  diffe  ent  deiia 
Dicatiag  vessels. —When  two  liquids      d  ff  d 

in   cooiniuQicating  vessels,   their  surf 
will  not  rest  at  the  same  point  or  !e 
for  in  communicaling   vessels,  the   heiyh 
of  the  liquid  columns    are   in   the   inve 
ratio  of  the  $pecijic  gravi/lea  of  the  liqu  d 

If  mercury  la  firat  poured  into  the  lower 
part  of  the   apparatus,   fig.  151,  aud     he 
tube   A  B    is  then  filled  with  water,   th  a 
liquid  will  exert  a  pressure  on  the  raerou  y 
causing  it  to  be  depressed  in  A  B,  and  to 
in  the  other  tube.     Measuriog  the  he  gh 
of  the  columns  of  mercury,  C  D,  and  wa 
AB,  which   are  in  equilibrium,  they  w 
be  found  to  be  as  1  to  13-59.     These  n  m 
bers  represent  the  densities  of  water  and  mercury. 

Demonstration. — Let  S  represent  the  surface  of  tbe  mercur;'  M  1 
be  the  height  of  the  column  of  water,  B  A,  aod  Sp.  Or.  the  specific  g 
water;  then,  by  J  ISS,  the  pressHrc  on  tbe  surface  ia /•  =  i"  e(S>).  ff. 
column  of  water,  and  for  the  mercurj,  CD,  it  is  P' =  S'  IT  {Sp.  G 
bj  g  189  equilibrium  can  obtain  only  when  the  pressi 


urfaci 


g  tbe  FOlue  oi  P  e 


ollon 


area  of  thoai 
d  P',  it  f 


n{Sp.  Gr.)  =  H'  [Sp.  Gr.y 
H:H'  =  (Sp.  Gr.y  :  (Sp.  Gr.) 


:eP:  P'  =  S 


1  their  heighli   s 


In  other  words,  tbe   colun 
inTersely  as  tboir  epecilic  gra 

203.  The  spirit  level. — Since  by  |  199  the  surface  of  a  liquid  at 
rest  is  always  horiioiital,  we  have  thereby  a  ready  means  for  determin- 
ing the  huriiiontal  line  by  use  of  the  spirit  koei.  This  instrument  is  a 
glass  tube,  A  B,  fig.  152,  very  slightly  curved  upwards,  nearly  filled 
with  alcohol,  hermetically  153 

sealed  and  sheathed  in 
brass,  C  D.  The  small 
bubble  of  air,  M,  always 
rises  to  occupy  the  high- 
est point  of  the  apparatus. 
The  base  is  carefully  ad- 
justed, so  that  only  when 
the  instrument  is  placed  horizontally,  d 
tentre,  at  a  fixed  mark. 
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204  Artesian  \Tells — All  s].riiig^  and  f  uti tarns  are  examples 
of  tbe  laws  of  equilibrium  of  liquids  m  cinimunii,atiDg  Teagels. 
Among  Bimilar  phenomena  arlesiia  wells  are  tbe  most  remarka- 
ble examples  Ibese  are  wells  (named  artesian  fr(>m  tlie  ancient 
province  of  Artois  in  France  where  thej  were  early  made  allbough 
known  long  before  in  Chiat)  borei  lato  the  eirth  a  crust  often  to  a 
great  depth,  The  crust  of  the  earth  consists  often  of  various  beds  or 
Btratjv,  some  pervious  to  water  like  sandstones,  and  others,  like  claj, 
impervious. 

Fig.  153  presents  an  imaginary  section  of  a  portion  of  the  earth's  crust, 
containing  tvro  impervious  strata,  A  B,  CD,  and  one  pervious  stratum, 
KK.    Let  these  strata  reach  the  surface  in  elevated  land,  and  we 


have  thus  a  basin  into  which  the  meteoric  waters  filter  and  from  which 
they  cannot  escape,  being  con6Ded  by  the  impervious  stfata  already 
named;  now  an  artesian  boring  in  the  valley  H,  will  reach  the  impri- 
soned water  after  passing  A  B,  and  the  water  will  be  thrown  up  in  a 
jet,  the  height  of  which  will  depend  on  the  elevation  of  the  edges  of 
the  basin,  which  may  come  to  the  surface  in  lofty  hills  hundreds  of 
miles  away  from  the  well. 

A  well  of  this  kind  was  sunk  at  Louisville,  Kj.,  Id  1357-8,  to  the  great  dejith 
of  2086  feet  IDupont's  well),  which  dolivers,  through  a  bora  of  IS  in  ihes,  ovot 
three  huDdred  tbousand  gallons  of  Bulphuretted  mlDcral  water  in  24  hours,  at 
170  feet  abovB  the  surface,  with  a  oonsUnt  temparature  of  761"  F.  (S2i°  at  the 
bottom).  [Am.  Joum.  Sci.  [2]  iivii.  174.)  Belcher's  well  in  SL  Louis  is  2109 
feet  deep,  and  yields  also  sulphuretted  Bater;  while  the  famoun  Crenelle  well 
in  Paris  is  ISOB  feet  deep,  and  j-islds  daily  600,000  gallons  of  soft  water,  worm 
enough  to  answer  the  purposes  of  the  great  elavighter-houses  surrounding  it, 

IV.    BfOVANCY  OP  LliJUIDS. 

205.  Theorem  of  Archimedea. — Solidii  immersed  in  liquids  art 
buoyed  up  by  n  force  equal  to  the  weighl  of  ilie  liquid  dhplaud. 
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discovered  by  Aroliimedes,  abom 

called  after  him,  the  Principle  of  Archimedca. 

s  proved  by  means  of  the  hydrostatic  balance,  from 

1  of  which  (fig.  154)  is  hung   a   hollow  cylinder,  oi 

.g  a  cylindrical  mass  of  copper,  B,  exactly  fitting  int« 

from  it  by  means  of  a  hook.     Having  exactly  c(iun> 

ghts  on  the  other  arm  of  the  balance,  till  ap 

until  the  cylinder  B  is  trholly  immersed. 


bucket,  A,  hi 

terpoised  the  beam  by 
the  glass  Teasel  with  « 

The  cylinder  will  then  appear  to  have  lost  weight,  the  other  arm  going 
down.  If  the  bucket,  A,  is  now  exactly  filled  with  water,  the  equili- 
brium will  be  restored ;  proving  that  the  weight  lost  by  the  immersed 
body  is  equal  to  its  own  bulk  of  water. 

The  BaniB  is  true  of  any  liquid  whatever.  It  is  also  true,  however, 
that  the  weight  lost  in  this  case  by  the  cylinder  must,  as  a  necessary 
result  of  the  law  of  action  and  reaction,  be  gained  by  the  water  in 
the  vase. 

This  fact  is  illustrated  by  arranging  the  apparatus  as  seen  in  fig.  155. 
After  first  balancing  the  vase  of  water,  the  cylinder  B  is  suspended  in 
154  it  from  a  separate  support  C.     The  vase  then 

S  appears  to  have  gained  in  weight,  and  it  will 
be  found  requisite  in  order  to  restore  the  equi- 
librium to  remove  therefrom  enough  water 
exactly  to  fill  the  cnp  A. 


The  theorem  of  Archimedes  is  a  necessary  consequence  of  the  u 
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ohanical  condition  and  laws  of  equilibrium  of  liquids,  and  of  the 
impenetrability  of  matter.  The  whole  immersed  bodj  is  buoyed  up 
by  a  force  equal  to  the  resultant  of  all  the  forces  normal  to  each  point 
of  its  surface,  that  is  by  a  force  equal  to  the  weight  of  the  liquid  which 
it  displaces. 

206.  Another  demonstration  of  Archimedes'  principle.— Con- 
ceive  a  cube  AB,  fig.  156,  of  wat«r  for  esample,  say  one  cubic  inch  tr 
a  cubic  centimetre  in  bulk,  isolated  and  156 

sustained  in  its  position  by  the  pressure  of 
the  surrounding  particles — such  being  the 
condition  of  equilibrium  esi sting  among 
the  particles  of  liquids  at  rest  (199). 
Hence  it  is  evident  that  the  weight  of  the 
ideal  cube  AB  Is  sustained  in  its  position 
of  equilibrium  by  a  buoyant  force  esautlj 
equal  to  its  own  weight.  If  AB  is  now 
solidified  by  any  cause  which  does  not 
change  its  volume,  it  is  evident  that  the 
conditions  of  its  equilibrium  also  remain 
unchanged.  We  may  therefore  replace  it 
by  any  other  substance  of  whatever  weight, 
having  the  same  dimensions,  and  the  new  solid  will  still  be  buoyed  up 
by  a  force  equal  to  the  weight  of  the  ideal  cube  of  water,  or  of  any 
other  liquid  in  which  it  is  immersed. 

The  form  of  the  body  is  evidently  immaterial,  and  therefore  it  fol- 
lows, as  before,  that  a  body  plunged  in  a  liquid  is  sustained  by  a  power 
equal  to  the  weight  of  the  liquid  displaced. 

Floating  bodies. — Accepting  the  Theorem  of  Archimedes,  it  follows, 
that  if  the  immersed  solid  be  of  the  same  weight  as  the  displaced  fluid, 
the  former  will  remain  at  rest  in  the  fluid,  in  any  position  in  whioh 
it  may  be  placed,  the  upward  pressure  eserted  upon  the  solid  being 
equal  to  its  own  weight. 

Since  the  specific  gravities  of  any  two  substances  are  to  each  other 
as  the  weights  of  equal  volumes  of  these  substances  (99),  it  follows  that 
iny  homogeneous  solid  will  6oat  when  its  specific  gravity  is  less  than  that 
of  the  liquid,  and  that  it  will  sink  when  these  conditions  are  reversed. 

Hence,  iron  sinks  in  water,  but  floats  on  mercury ;  some  woods 
which  float  on  water  will  sink  in  oil  or  alcohol ;  while  oak,  which  floats 
on  salt  water,  will  sink  in  fresh  water.  But  if  the  iron  is  -fashioned 
into  a  thin-walled  vessel,  and  the  dense  woods  into  hollow  boxes, 
they  will  then  float  on  the  same  liquids  in  which  they  before  sank, 
because  their  volumes  have  been  increased,  respectively,  without  in- 
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eight,  and  they  float  because  each  dispkoea  a  toIumo 


weight  than  the  weight  of  the  floating  b 
EzamplBB  illuBtratiDg  this  prinoiple  are  of  familiar  oacurreace.  Iron  ahipg — 
t.  g.,  tke  Grent  EoEtera — Suat  as  baoyaatl;  aa  ships  of  wood,  and  hare  besides  ■ 
vast  capacity  for  floating  their  heavy  maehinetj,  coal,  and  cargo.  The  prohlem 
of  waighiug  a  ship  and  cargo  rosolvos  itself  into  a  question  of  mensuration  of 
(he  Tolume  of  nater  displaced  b;  her. 

Ca'ueti  are  tanks  of  iron  or  (rood,  which  are  first  fiiied  with  water,  and  aftol 

ids  the  vessel  io  floating  orer  a  bar,  or  in  ahalion 


^ng  docks,  I 
i,.ees  bj  ai 


lof  w. 


nthes 


,e  Unii 


i  Stati 


flilar 


Cartenan  rfemV.— This  hydrostatic  toy,  linown  also 
principle  just  stated.  It  consists  of  a  small  gtnss  < 
BQame!  figure,  fig.  W3,  at  whose  bead  is  fixed  a  bulb  < 
glabS  hating  a  small  opening,  0,  beneatli.     It  is  fiiied 

ojliaderofwaterBsrepresented,  it  just  floats.  Over  the 
mouth  of  the  vessel  ia  tightly  fijted  a  piece  of  caoutchouc. 
Pressure  exerted  by  the  thumb  on  the  eaontchoao  will  bo 
conveyed  through  the  water  to  the  air  contained  in  the 
bulb  0.  Sufficient  water  will  thus  enter  0  to  render  the 
specific  gravity  of  the  apparatus  heavier  Ihau  that  of 
water,  when  it  sinks.  On  removing  the  pressure,  ex- 
pansion of  the  air  in  0  expels  the  water  which  was  pre- 
viously forced  into  it,  and  the  apparatus  rises,     By  a 


W  plea 


c,bja 


a  of 


vity. 


207.  Bquilibriuin  of  floating  bodies. — In  order  that  a  floating 
body  may  be  in  equilibrium  it  is  necessary :  First,  That  the  weight  of 
the  fluid  displaced  should  be  equal  to  tho  weight  of  the  floating  body : 
Second,  That  the  resultant  of  all  the  upward  pressures  of  the  liquid 
sbculd  act  in  the  vertical  line,  passing  through  the  centre  of  gravity  of 
the  body. 

As  the  weight  of  a  body  may  be  considered  aa  acting  at  a  single 
point  called  the  centre  of  gravity,  so  the  upward  pressure  of  a  liquid, 
acting  upon  a  body  immersed  in  it,  may  be  considered  as  acting  in  a 
single  point  which  will  be  the  centre  of  gravity  of  the  fluid  displaced. 
This  point  is  eridentiy  different  from  the  centre  of  gravity  of  the  Iwdy, 
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and  may  therefore  appropriately  be  called  the  centre  nj  bvoyanit/      In 
a  homogeneoua  solid  this  point  ib  always  below  the  centre  oi  gravity 


when  the  bjdy  Binka 


when  the  budy  floats,  and  coincidea 
ahcd,  flg.  158,  be  a  homogeneous  solid 
G  will  represent  the  centre  of  gravity 
of  the  body,  and  P  the  centre  of  bujy 
BDcy,  or  upward  pressure,  situated  at 
the  centre  of  gravity  of  the  liquid  die 
placed. 

When  the  floating  body  ia  not  homo  / 

geneous  the  centre  of  gravity  may  1  o 
below  the  centre  of  buoyanuy  as  in  fliP 
case  of  a  ship  having  baliaet  or  heavy  ^_ 

cargo  stowed  in  the  hold.  ^^ 

Let  the  floating  body  take  tht  position  shown 
of  gravity  will  act  at  O  in  the  direc 
tion  Gr,but  the  upward  pressure  will 
act  from  a  new  centre  of  bui  yancy 
P',  at  the  centre  of  gravity  jf  the 
displaced  fluid,  and  in  the  direction 
V  q.  This  force  being  equal  to  the 
force  of  gravity  and  parallel  to  it  but 
acting  in  an  opposite  direction,  the 
two  forces  form  a  couple  (-IS)  and 
tend  to  rotate  the  body  till  the  two  .■ 

forcea  again  act  in  the  aame  \erti(,al 

When  Ihe  centre  of  gravity  and  centre  of  buot/ancy  aie  in  the  same 
vertical  line,  the  floating  body  wtU  be  tn  equtlibi  lum 

This  equilibrium  may  be  neulriil  or  the  game  in  any  position  of  Ihe 
floating  body  ;  unstable  when  by  any  movement  of  the  body  the  centre 
of  gravity  descends : — or  stable  equilibrium  when  movement  of  the  body 
in  any  direction  causes  the  centre  of  gravity  to  ascend. 

Neutral  equilibrium. — A  sphere  of  uniform  density  floating  in  a 
)ii|u)d  ia  an  example  of  neutral  equilibrium,  because,  whatever  poiition 
it  may  assume,  the  part  immersed  is  a  segment  of  a  sphere  of  the  same 
magnitude  and  form,  and  no  alteration  can  be  effected  in  the  relative 
positions  of  the  centre  of  gravity  and  the  centre  of  buoyancy. 

Unstable  equilibrium,  ^Let  abed,  Eg.  160,  represent  a  rectangular 
prism  of  uniform  density,  floating  on  one  end,  the  centre  of  gravity 
be'ngat  Q,  and  the  centre  of  buoyancy  or  upward  pressure  being  at  P, 

Although  0  and  P  are  in  the  aame  vertical  line,  it  is  evident  that  the 
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eqailibrium  will  be  unstable,  because  when  the  bodj  mi 
pcBilioQ,  aa  al  fig.  161,  the  centre  of  graTitj  descends. 


Stable  Equilibtium.' — The  centre  of  buojancy,  or  centre  of  upward 
pressure,  m&j  be  considered  as  the  centre  of  support  of  a  floating  body. 
When  this  centre  is  above  the  centre  of  gravity,  the  body  will  evidently 
be  in  a,  position  of  stable  equilibrium.  It  will  also  be  in  a  position  of 
stable  equilibrium  when  the  centre  of  gravity  occupies  a  lower  position 
than  it  would  acquire  in  any  other  position  of  the  floating  body.  But 
in  such  cases  the  stability  of  the  equilibrium  of  the  floating  body  is  more 
readily  understood  by  reference  to  another  point  called  the  metaeenlrt. 

208.  The  metacentre  of  a  floating  body  ia  the  point  where  the 
vertical  passing  through  the  centre  of  buoyancy,  in  the  position  of 
tquiliiriam,  meets  the  vertical  dravtn  through  the  nem  centre  of  buoyancy, 
when  the  body  has  been  slightly  displaced  from  this  position. 

By  reference  to  figs.  158  and  159  it  will  be  seen  that  G  K  or  G  g  is  the 
vertical  which  passes  through  the  centre  of  buoyancy  in  the  position  of 
stable  equilibrium,  and  P'g  the  vertical  paaaing  through  the  oentje  of 
buoyancy  when  the  body  is  moved  a  little  from  the  position  of  equili- 
brium ;  hence,  g  is  the  metacentre  related  to  the  position  of  stable  equi- 
librium, and  in  this  case  it  is  above  the  centre  of  gravity. 

Referring  to  figs.  160  and  161,  wo  Bee  that  the  metacentre  is  at  3',  fig, 
101,  or  at  ft  point  below  the  centre  of  gravity. 

Tba  metacentre  maj  also  be  found  by  taking  the  point  of  interaeotion  of  ver- 
tioftls  pasaing  through  the  centtsB  of  buoyanej  in  any  two  poBitione  Dear  each 
other. 

A  floating  body  will  be  in  stable  equilibrium  whenever  the  meta- 
centre is  above  the  centre  of  gravity,  and  the  degree  of  stability  will 
ha  in  proportion  to  the  dietanee  of  the  metacentre  above  the  centre  of 
i:ravity.     This  depends  on  the  form  of  the  floating  body. 

When  the  cenle  of  gravity  is  below  the  centre  of  buoyancy,  the  metooentra 
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must  evident];  alnays  be  abore  tbe  centre  af  gravity,  and 
al«a;e  stable.     It  is  also  evident  tbat  tbe  Etsbilit;  of  a  Soati 
witk  the  breadtb  of  tbe  port  eubmetged.     Theee  principles  ar 
aace  in  tbe  construction  and  loading  of  sbips.    The  metacentre  m 
u  a  sort  of  fulcrum  above  which  is  the  pressure  of  tbe  aails, 
weight  of  the  ship. 

Vessels  designed  for  transporting  passengers  and  light  cargo  require  beavj 
ballast  of  iron  or  stcne  placed  near  the  keel,  to  preserve  the  equilibrium.  On 
the  other  hand,  veeseU  loaded  with  iron  have  the  centre  of  giavitj  50  low  as  to 
cauae  injurious  straia  upon  the  ship,  unless  the  cargo  is  elevated  by  cross  piliujr 
or  other  supports  to  raise  the  centre  of  gravity  so  as  to  allow  tba  ship  to  ridl 
easily  in  a  heavy  eea.  The  equUibrium  of  small  boats  is  from  the  s»mo  mmse 
often  disturbed  by  the  unguarded  movements  of  the  passengers.  The  rolling 
of  a  vessel  in  a  storm  may  so  shift  the  position  of  the  cargo,  and  thus  remove 
the  centre  of  gravity,  that  tbe  veasel  may  be  thrown  upon  her  beam-ends,  and 


209.  The  problem  stated.— Metiofla.— We  have  already  enusi- 
dered  the  relations  of  density  and  specific  weight  to  mass  and  weight 
(96-99).  Most  of  the  methods  in  uae  to  determine  specific  gravity 
depend  on  the  principleB  of  hydrostatics  just  considered,  and  serve  as 
illuijtr&tionB  of  them.     The  problem  is: — 

3b  compare  the  ineigkt  of  any  body  whose  apecijic  gravity  is  sought 
mih  the  vxigM  of  an  equal  volume  of  waler  taken  163 

OS  unity.     The  specific  gravity  isfoaad  by  dieiding  ■ 
the  first  ineight  by  the  second. 

Methods. — This  operation  is  performed  Srst, 
by  the  hydrostatic  balance;  second,  by  the  specific 
gravity  bottle;  third,  by  various  floating  instru- 
ments called  hydrometers  or  areometers. 

All  these  methods  resolve  themselves  iiit<>  special 
cases  of  the  Theorem  of  Archimedes,  |  205. 

210.  Specific  gravity  bj  the  hydrostatic 
balaaoe.—The  solid  (heavier  than  water)  is  sus- 
pended beneath  the  pan  of  a  balance  by  means 
of  a  fine  filament  of  raw  silk,  and  then  weighed, 
banging  in  air.  It  is  then  immersed  In  water  as 
in  fig.  162,  and  the  weight  it  loses  determined. 
This  loss  is  equal  (according  to  the  principle  of 
Archimedes)  to  the  weight  of  a  volume  of  water 
of  the  same  bulk  a^  the  immersed  body.  Sub- 
tracting the  weight  of  the  substance  in  water  -. 
from  its  weight  In  air,  and  dividing  the  latter 
by  the  difference,  the  product  will  be  tbe  specific  gravity  required 
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Example.— A  piece  of  icon  neigliea  in  air 
Then  460— 4111>16  =  58-34  gre.,  which  equals  tl 

To  make  the  case  general,  let  Wbn  the  weight  of  the  bodj,  and  W 
the  losa  of  weight  in  water,  then  bj  the  definition 


■eight  of  1 


{Sp.  Gr.)  = 


The  result  thus  obtaiaed  is  always  to  be  reduced  to  a  standaid  tern- 

For  solids  lighter  than  mater. — If  the  body  whose  speclflc  grayity 
is  to  be  determined  is  lighter  than  water,  it  must  be  attached  to  some 
solid  (whose  weight  in  air  and  in  water  is  known)  su£6cientiy  dense  t» 
sink  it  in  water.  The  compound  mass  is  weighed  first  in  air,  and  then 
in  water,  and  the  lose  determined,  the  weight  lost  by  weighing  the 
heavy  body  alone  in  water  being  known,  the  weight  of  the  light  body 
in  air,  divided  by  the  difference  between  these  losses,  gives  the  specifio 
gravity. 

Example.— A  subatsnee  weighed  in  air  200  grains,  attaebed  to  a  piece  of 
copper  it  weighed  in  air  22i7  gra.,  in  wat«r  1820  grs,,  suffering  a  loss  of  627  grs. 
The  copper  itself  loses,  when  weighed  in  water,  230  grs.,  62T  —  230  —  397,  then 

nr  iR^ 

Sp.  Or.  =:—  ^  200  -^  39?  =  -504. 

For  liquids. — The  hydrostatic  balance  also  applies  to 
liquids  as  well  as  to  solids — whether  the  liquids  are  denser 
or  lighter  than  water. 

For  this  purpose  a  small  glass  tube  is  prepared,  including 
enough  mercury  to  sink  it  in  any  liquid  not  heavier  than 
mercury.  It  is  hermetically  sealed,  the  end  bent  into  a  hook, 
and  the  whole  suspended  by  a  very  thin  platinum  wire  from 
the  pan  of  a  balance.     Fig.  163  shows  this  apparatus  of  fall 

The  weight  of  the  volume  of  water  which  this  system  dis* 
places  at  00°  F.  (or  at  4°  C.)  is  first  determined  by  the  mode 
described  for  solids.  This  is  a  constant  quantity,  and  may 
be  called  0.  If  the  tube  is  now  immersed  in  another  liquid, 
as  in  alcohol  for  example,  it  will  require  a  certain  weight  to 
restore  the  equdibrium  (the  we  ght  of  the  tul  e  and  n  eroury 
IS  BuppD^ied  to  te  counterpo  ted  m  ea  h  ca.e  by  a  constant 
we  ght  prepared  for  the  purpose)  The  amount  ff  this 
weight  W  (required  to  rest-  tp  the  equilibrium)  a  the  weight  of  a 
volume  of  the  Irquid  lisplafl,ed  by  the  tube  But  tl  e  weight  of  tba 
17* 
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e  of  water  ia  known  (C)    Hence  the  specific  gravity  of  (ha 


alcohol  it  lust  2-4( 


W 
--W.  -^ 


L  water  29910  grains  =  ( 
=  Sp.  Or.  of  the  alcohol. 


211.  Specific  gravity  bottle.— For /iguiifs — When  it  ia  requirei' 
to  determine  the  specific  gravity  of  a  liquid   the  specific  gravity  hftii 
offers  the  easiest  and  most  simple  methud      Such  184 

u  bottle  is  ahowQ  in  fig.  164.  It  ia  closed  hy  a 
ground  glass  stopper,  and  the  neck  ia  drawn  out 
to  a  fine  tube  (the  upper  portion  of  wliith  series 
for  a  funnel  in  filling  the  bottle),  upon  whith,  at 
A,  is  traced  a  fine  line  \a  which  the  hottle  is  to  be 
filled  at  each  experiment.  The  tare  of  the  bottle 
ia  accurately  determined  and  noted  once  lor  all 
It  ia  then  filled  to  A  with  pure  water  and  weighed 
again.  Thia  weight  less  the  tare  gives  ita  i.apa'.ity 
of  water  at  a  fixed  temperature.  To  determine 
tie  specific  gravity  of  any  other  liquid  the  bottle 
is  filled  with  it  and  weighed  aa  before.  Deducting 
the  tare  of  the  bottle,  we  now  know  the  weight  of 
a  volume  of  the  liquid  equal  to  the  same  volume 
of  water.     Representing  these  two  weights  by  W 

W 
and  W,  we  have  (Sp.  Gr.)  =  ^.      In  ail   cases 

the  result  must  be  reduced  h>  a  standard  tempera 


For  fold 


tl     CI    pt 


H  a 


f  th    bottl    wh 


ttj       d    1 
■   glt    f  th 


n  11  fragments, 
y  bottle     In  this 
whan  tilled  with  pure  witer   being 
1  1   jn   fragments   is  IbS 

g  the  weight  of  the 
bottle  and  vi-ater  =:  Wa,  and  the  weight  of  the  solid  added 
W,  and  the  weight  of  the  bottle  solid  and  water  Wb  it  la 
plain  that  the  weight  of  water  diaplaced  bv  the  solid  is 
W^=Wa+W—  Wb,  and  that  the  specific  gt-mty  ot 
the  solid  ia 


(Sp.  Gr.)  ^ 


W 
Wa±  W—  Wb 


Thia  value  must  be  corrected  for  temperatu 
For  solids  soluble  in  viaier  we  must  employ 
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in  wLich  tho  substance  ia  iasoluble,  as  alcohol,  oil  cf  turpentme,  &o. 
The  specific  gravity  thus  determined  ia  reduced  to  the  standard  of  water 
hy  multiplying  it  bj  the  known  density  of  the  liquid  employed ;  thus,  for 


gravity,  compared  wLtb  tbe  oil,  was  2-6,  t!ie  speoiSo  gravity  of  the  oil  w&a  -87 ; 

£12,  Specific   gravities   by  hydrometers   or   areometera. — In 

this  mode  the  balance  is  replaced  by  fl'tating  bodies  culled  hydrometers 
or  areometers.  There  are  two  classea  of  these  inatrumenta,  nsnielj, 
first,  hydrometers  loUh  a  constant  volume ;  and,  eecond,  hydrometers  aith 
a  cof  slant  weight. 

1.  Nicliolson'a  hydrometer  or  areometer  ia  an  instrument  of  the 
first  class,  used  for  determining  the  specific  gravity  of  solids.  It  consists 
of  a  hollow  cylinder  cf  metui  or  glass,  B.  Gg.  IG6,  having  attached  at 
its  lower  end  a  cone,  C,  loaded  with  lend,  which  causes  the  apparatuo 
to  aifsiime  an  upright  position  when  pliced  in  water  I6S 

The  upjior  part  of  the  cylinder  is  tern  nited  by  a 
slender  rod,  on  the  end  of  wbii.!.  is  a  small  pan   A 
fur   holding   weights.     The   whole    apparatus   mu  t 
have   a   less   specific  gravity  than  wate      bo  that  a 
certain  weight,  represented  by  C,  mus't  I  e  put        1  e 
pan  (o  sink  the  areometer  to  the  wate;-      a  L  0      If 
we  wish  to  determine  the  specific  gra     j     f  a     1  i 
(whose  weight  must  be  less  than  C),  we  pla  e    t 
the  pan  A,  and  add  weights  until  0    s  broiij,ht  I 
the  level  of  the  water.     The  weight  C   n  nu     tl 
weights  last  added,  will  be  the  weight  of  the  1    I 
in  air.   It  is  now  taken  from  A,  and  placed  in  C      1 
additional  weight  now  required  to  sink  the  cy!  nder 
to  the  index,  0,  will  be  the  weight  lost  in  water. 
We  hate  now  the  data  fur  determining  the  specific  grav 

For  example,  if  the  counterpoise  weighed  250  grs., 
lead  whose  specific  gravity  wo  wish  to  ascertain,  requirr 
in  A,  30  grs.  to  be  added  in  order  to  bring  the  hydrometer  to  the  point 
0,  then  (250—50)  200  is  the  weight  of  the  lead  in  air ;  placing  now 
the  lead  on  C,  we  find  that  it  reqairas  tho  addition  of  17-47  grs.  on  A, 
in  order  to  oountcrbalanoe  the  instrument;  consequently  the  specific 
gravity  of  the  lead  ia  11-43.  j^J,  =  11-45.  If  the  substance  is  lighter 
than  water,  it  is  confined  under  a  perforated  cover  or  wire  cage  plaoefl 
in  C,  which  prevents  its  rising. 
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represent  these  saocessiTe  weights  by  C,  W,  and  W,  thoi 


i.  Gr.)  =  - 


W 


La  fised  p 

oint  on  tJie  ftciu.     The  weigbl  of 

«Dce  e  +  L.  and  (?  +  W  are  th. 

md  of  th 

e  liquid,  tbe  specific  gra.ity  of  tS» 

Tbjthef, 

irmer,  or  [Sp.  Gr.)  =  {C  +  V^) ->- 

a.  FahrmheiCt  liydrorai^Ur  Is  tbe  same  instrument  (omilting  tlie  loivor  pan) 
cunatrncted  of  glass  and  designed  to  measure  the  specific  grovilj  n!  liquids. 
Knowing  (hy  the  balance)  the  eonsUnt  weight  (C)  of  the  iustrumcnt,  anc  also 
the  weight  (c)  required  to  sink  it  to  a  fixed  point  on  the  stem— the  sum  of  which 
weights  (by  210)  is  equal  to  the  weight  of  the  water  displaced.  Wa  hare  only 
lo  float  it  in  any  liquid  whose  specific  gravitj  we  would  ascertain,  and  note  the 
weight,  W,  required  to  sink  it  to  the  "  '  " 
the  liquid  displaced  is  tl  "  '  '" 
weights  of  equal  Tolnmea 
liquid  is  found  hy  dividin, 
(O+c) 

b.  Ilo,:t«6an'i  hudromcier  is  a  form  of  this  instrument  adapted  to  delermining 
theBpecifiograviaesofliquidaofwhich  we  poaaeas  too  amall  a  portion  to  float  a 
common  hydrometer.  For  this  end,  a  cup  of  glass  replaces  the  pan  A,  whieli  holds 
say  one  cubio  centimetre.  Thus  loaded,  the  instrument  sinks  to  a  point  toarked 
20"  near  the  middle  of  the  stem.     The  atom  ia  divided  between  tliis  Foinl  aod 

of  a  gramme  or  0*05  gramme.  The  speciflo  gravity  of  aliquid  is  then  found  by 
this  instrument  by  multiplying  (I'DS  by  the  number  of  the  division  to  which  i» 
sinks  when  loii-ded  with  one  cubic  centimetre  of  the  liquid  used. 

2.  Gay  Lnsaac'a  and  Beaume's  hydrometers  are  instranients 
having  a  conBtant  weight,  and  by  which  we  determine  the  specific 
gravity  of  a  liquid  hy  moasuring  the  volume  of  fluid  displaced  hy  the 
floating  inatraraent— whit'iL  weight,  as  we  have  seen,  is  the  same  ns  the 
weight  of  the  instrument  itself.  But  we  have  shown  (99),  that  for 
equal  absolute  weights  the  speoiflo  weight  is  inversely  as  the  volume  or 
[Sp.  Or.)  —V-i-y',  where  F'  equals  the  volume  of  water  displaced  hy 
the  instrument,  and  Fthe  volume  of  any  other  liquid  displaced  hy  it. 
In  other  words,  we  can  find  the  specific  gravity  of  any  liquid  by  ■Umd- 
ing  the  volume  of  a  given  wdghl  of  waler  by  the  volume  of  the  same 
weight  of  the  liquid  whose  specific  gravity  is  required. 

Instruments  of  this  clsss  are  very  common  and  in  constant  use  for 
determining  the  specific  gravity  of  alcohol,  acids,  alkaline  solutions, 
urine,  milk,  and  many  other  liquids.  Figs.  1&7  and  168  show  the  form 
of  Gay  Lussao'e  densimeter,  as  it  is  often  called.  It  ia  a  glass  tube  con- 
taining enough  mercury  in  the  1  w  nd  to  ause  the  tube  to  float  in 
pure  water  at  the  hundreth  d  n    f  a     ale    f  equal  parts  traced  oc 

paper  and  sealed  up  inside  the  tul"        If   t  d    places  IOC 
water,  floated  in  sulphuric  a   d    t  d   pi  mly  54  i 

therefore  the  specific  gravitj     f     ulih         a    d  is  IM 
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For  Qa'iis  lighter  tliaa  ^Tuter,  the  graduation  \b  carried  tip  Hay  tt 
(as  we  know  of  no  liquid  of  a  less  speoiio  gravity  than  0.60). 
placed  in  pure  alooho!  it  rises  say  to  125  degrees,  or        jg;  j 

the  specific  gravity  of  alcohol  is  100  -^  125  =  0'80. 

By  giving  the  instrument  the  form  shown  in 
fig.  168,  much  needless  length  is  saved  on  the 
stem,  since  the  hall  is  so  placed  as  to  be  alwaja 
immersed,  and  its  buoyancy  is  equal  to  that  of  a 
much  greater  length  of  tube.  The  scales  are  also 
usually  divided  among  the  instruments— one  for 
liquids  lighter  than  water,  one  for  specific  gra^'itioa 
from  1-  to  1-33  (corresponding  to  100  to  75),  and 
another  reading  from  75  (corresponding  to  I'SS)  at 
the  top  down  to  50  (corresponding  to  206)  near  its 
middle.  These  instruments  are  not  of  scientific  accu- 
racy, but  are  ready  modes  of  determining  ofi'-hand 
the  approsiraate  specific  gravity  of  a  given  liquid. 

The  scales  of  Beaum£  (that  most  iu  use),  as  well 
aa  those  of  Cartier  and  Beck,  are  purely  arbitrary. 
Table  T.  at  the  end  this  volume  shows  the  corres- 
pondence of  their  degrees  to  real  specific  gravities. 

Table  VI.  gives  the  specific  gravity  of  some  of  the 
more  frequently  occurring  liquids  and  solids. 

I  2.  HydianUcs. 

I.    MOTIOS   OF    LIUniDS. 

213.  Definition. — Hydraulics  (from  the  Greek  dJfiap,  water,  and 
altiof ,  a  pipe),  is  that  part  of  hydro-dynamics  which  treata  of  the  flow 
and  elevation  of  liquids,  especially  water,  and  the  construction  nf  all 
kinds  of  instruments  and  machines  for  moving  them,  or  to  be  moved  by 
them.  Hero  of  Aleiandria  (about  130  b.  c.)  appears  to  have  been 
the  earliest  author  on  this  subject. 

214.  Freasnre  of  liquids  upon  the  containing  vessel. — A  vessel 
filled  with  water,  or  any  other  liquid,  and  closed,  is  subject  to  two  pres- 
sures acting  in  opposite  directions :  namely,  1.  The  atmospheric  pres- 
sure, acting  from  without  inwards ;  and  2.  The  pressure  of  the  column 
of  contained  liquid  acting  against  the  walls.  If  a  vessel  so  situatod  is 
pierced,  and  the  pressure  from  within  outwards  is  stronger  than  tho 
external  pressure,  the  liquid  will  flow  out;  but  if  the  eiternal  preusurt 
is  the  strongpr,  the  liquid  vrill  not  escape. 
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may  be  illusfraled  bj  filling  a  g'ass  vesBel,  aa  a  wine  glaig, 
ig  a  piece  of  paper  over  its  top,  and  snpporting  the  paper  witli 
verting  tbe  glass;  tben  remoYing  the  hanil  from 

t  tbo  pnper  being  greater  than  the  weight  of  tho 


BQd  holding  tbe  gla 


Then 


a  of  liquid  escaping  from  an  orifice  in  a  vessei,  is  called  a 


n  the  bottom 
■  the  ori- 

lent,  the 
If  the 


215.  Appeara.noe  of  the  stiifaoe  during  a  dla- 

diaigc^The  surface  of  a  liquid,  discharging  itself 
from  an  orifice  in  a  cont^ning  vessel,  does  not  usually 
remain  horizontal. 

When  the  vein  issues  from  an  opening  ii 
of  the  vessel,  and  the  level  of  the  liquid  is 
fice,  a  funnel-shaped  depression  is  found  ii 
fig.  169.     If  the  liquid  has  a  rotaterj  ni{ 
funnel  is  formed  sooner  than  if  it  is  at  i 
orifice  ia  at  the  side  of  the  vessel,  there  is  : 
of  tho  aurfaco  upon  that  aide,  above  the  orifice 
173.     These  movements  depend  upon  the  form  of  the 
vessel,  the  height  of  the  liquid  in  it,  and  the  dimensions 
and  form  of  the  orifice. 

216.  Theoietical  and  aotnal  Qo^'. — -The  actual 
ilow  from  an  orifice,  is  tbe  volume  of  liquid  which 
escapes  from  it  in  a  given  time.  The  theoretical  flow  is  a  volume 
equFtl  to  that  of  a  cylinder  which  has  for  its  base  the  orifice,  and  for  ita 
height  the  velocity,  furnished  by  the  theorem  of  Torricelli.  That  ia, 
the  theoretical  flow  h  the  product  of  tbe  area  of  the  orifice  multiplied 
by  the  theoretical  velocity. 

It  is,  however,  observed  that  tbe  Tein  escaping  from  an  orifice,  con- 
tracts quite  rapidly,  so  that  its  diameter  is  soon  only  about  two-thirds 
of  the  diameter  of  the  orifice.  If  there  was  do  contraction  of  the  vein 
after  leaving  the  orifice,  and  its  velocity  was  the  theoretical  velocity, 
the  actual  flow  would  be  the  same  as  that  indicated  by  theory.  But  the 
aectiou  of  the  vein  is  soon  much  less  tlian  at  the  orifice,  and  its  velocity 
ia  not  80  great  as  the  theoretical  velocity,  so  that  the  actual  ia  much 
less  than  the  theoretical  flow ;  and,  in  order  to  reduce  this  to  the  flr-^^ 
it  is  necessary  to  multiply  it  by  a  fraction  which  is  named  "tha  c^-offi- 
cient  of  contraction." 

Prom  comparative  eiperiments,  made  by  a  great  number  stobscrverB, 
the  actual  flow  has  beeri  determined  to  be  only  about  two-thitds  of  the 
theoretical  flow. 
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PriLCticallj,  the  flow,  F,  in  a  unit 

of  time,  is  e&lculated  by  the  turmult  r-= 

m  V  ,,  where  n<  ia  a  constaot,  reprcse 
totical  velocity  or  flow;  in  other  wo 
area  of  tta  eaotion  of  greatfiBt  cont 

ting  the  ratio  between  the  actual  and  tboo- 
rdB,  between  the  area  of  the  orifice  and  1h« 
action  in  the  vein.     This  ooeffioienl  of  OOD- 

le  the  above  formula  1 


.-l/2l/H  =  2-7i^H. 


The  contraction  of  the  vein  is  most  noticeable  in  downward  flowing 
jets.    If  the  jet  it 


By  EDEpending  solid  pai 
rents  tliat  are  formed  by 
risible.     The  solid  particle 


in  the  section  of  the  jet. 

217.  Reaction  of  the  escaping  vein,- 


s  mill.— When  a 


jet  of  liquid  escapes  frum  an  orifice  in  a  contai 
of  the  liquid  apon  the  walla  at  the  point  of 
escape  finding  no  counteracting  force,  the 
horiiontal  component  of  the  column  ia  not  de- 
stroyed as  when  the  opening  is  closed ;  and  this 
force  reacts  to  thrust  the  vessel  in  a  direotion 
opposite  to  that  of  the  escaping  vein. 

This  reaction  is  made  sensible  by  suspend- 
ing the  containing  vessel  on  a  free  vertical 
axis,  as  in  the  apparatus  known  as  Barker's 
Mill,  fig.  172.  The  orifices  of  escape  for  the  vein 
are  here  in  the  ends  of  a  horizontal  pipe  bent 
at  right  angles,  and  iil  opposite  directions, 
formed  as  seen  at  AB,  where  the  arrow 
shows  the  point  of  reaction  of  the  escaping 
vein  upon  the  end-wall  of  the  tube. 

It  might  be  supposed,  as  was  assumed  bj  Newton,  that  the 
force  in  this  case  was  onlj  the  horizontal   oomponi 
to  a  column  of  liquid  whose  base  was  equal 
and  whose  hnight  was  the  distance  of  its  ci 


■ving 

force  equal 

of  the  orifice, 

of  gravitj  from  the 
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level.  But  the  effects  from  pressure  are  not  the  same  for  a  liquid  in 
motiou  as  when  in  equilibrium ;  and  D.  Bernoulli  ha«  demoostrated--— 

That  it  is,  in  tkia  case,  requisile  to  eaiimate  the  force  of  reaction  at 
double  the  height  of  the  liquid  aboiie  the  centre  of  gravity  of  the  orifice. 

This  principle  is  applied   in   the   construction   of   reaction  water- 

218.  Flow. — The  volume  of  liquid  escaping  in  a  given  time  from  an 
orifice  is  called  itB^^ow.  This  depends  on  the  size  of  the  opening  and 
the  velocity  of  the  jet.  Assuming  the  motion  of  the  jet  to  be  uniform 
for  a  given  time,  saj  one  second,  the  distance  passed  OTec  hj  an  escap- 
ing molecule  in  this  time  is  called  its  velocity.  The  velocity  depends 
chiefly  on.  the  height  of  the  liquid  above  the  centre  of  gravity  of  Ihe 
orifice;  this  height  is  called  the  head  or  column, 

Tha  velocity  of  flow  is  modified  among  other  causes  also  by  the  frietion  of  tha 
liquid,  botli  at  the  opening  and  against  the  nalla.     When  the  aperture  is  made 

canseB  tending  to  modify  the  motion  of  the  oseaping  fluid,  the  laws  of  the  escape 
are  comprised  in  the  foJlowing  theorem,  announced  by  Torricalli,  in  1643,  aa  a 
dODSequence  of  [ho  law  of  falling  bodiaa  discovered  by  Galileo. 

219.  Theorem  of  Tonicelli. — Liquid  molecules,  fioining  from  on 
orifice,  have  the  same  txloeily  as  if  they  fdi  freely  in  vacuo,  from  a  height 
equal  to  the  vei-tical  distance  from  the  surface  of  Ike  liquid  to  the  centre 
of  gravity  of  the  orifice. 

If  B"  represents  the  height  of  the  head  above  the  centre  of  gravity 
of  the  orifice,  then  the  velocity  is  expressed  by  the  formula 

Deduotlone  from  the  Torrioelliaa  Theorem. — 1.  The  velocity 
depends  on  (he  depth  of  the  orifice  from  the  surface,  and  is  independent 
of  the  density  of  the  liquid. 

Water  and  mercury  in  vacuo  would  fall  from  the  same  height  in  the 
same  time ;  and  so  escaping  frnai  an  orifice  at  the  same  depth,  below 
the  surface,  would  pass  out  with  equal  velocity ;  but  mercury  being  13-5 
times  aa  heavy  as  water,  the  pressure  exerted  at  the  aperturn  of  a  vessel 
filled  with  mercury,  will  ba  135  times  as  groat  as  the  pressure  exerted 
at  the  aperture  of  a  vessel  filled  with  water. 

2.  The  velocity  off^w  of  liquids  from  an  orifice  is  as  the  sqtiare  rooU 
of  the  head. 

Thus,  stating  the  velocity  of  a  liquid  escaping  from  an  orifice  one  foot 
below  the  surface,  to  be  one;  from  a  similar  orifice,  four  feet  below  the 
surface,  it  will  be  (wo;  and  at  nine  feet,  three;  at  sixteen  feet,/ii«r;  and 
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Let  ff  represent  the  height  of  the  liquid  above  the  orifice,  g  the  tieelerntiDg 
fgr™  of  gravity,  and  k  the  vclocitj  of  diachorge  ;  we  ahnll  have  b  =  1/2^ 

220.  Demonstration  of  the  theorem  of  Torricelli. — The  theorem 
of  Torrioelli  maj  be  demonstrated  by  means  of  the  apparatus  ehowii 
at  fig.  173. 

A  cylindrical  vase,  o  e,  enlarged  into  a  resflrrnir  st  the  t»r..  in  filled  with 


[u  tl 


e  of  the  vaae  ai 
I  c,  and  j!:  and  o 
are  also  I  and  1 


sool  the   horiiuntaJ  range  of  a  apou 
jet.  and  y  the  height  of  the  orLfioe  al 
the  horisontal    line   a   b,    let   H  be 
heli;ht  of   the   water   aboye    the    otifli 
aTid  o  the  ftagle  of  eleyation  of  the  di 
Uon  cf  Chejet  ae  it  issues  f^om  the  oril 
then  hy  the  lawa  of  falling  bodi 
BOicuined   with   the    laws    of   projocti 
.ahatlhave 


|2.) 


The  values  olx  and  j  being  delermined  by  obaervation  in  any  case,  t 
of  V,  or  the  relocitj  with  which  the  jet  issues  from  tho  orifice,  is  readily  enlcn- 
Iftled  by  formula  (2).  This  velocity  is  found  to  accord  very  nearly  vritb  tbs 
velocity  which  a  body  would  acquire  in  falling  freely  from  a  height  equal  to  the 
head  of  the  fluid  above  the  oriSee. 

Bossuct  found  by  aaing  mercury  that  the  variation  from  this  value  of  o  was 
less  than  one  hundredth  part  of  the  velocity. 

There  is  a  remarkable  consequence  of  this  lavr  which  may  easily  ha 
verified  by  osperimont.  In  the  formula  for  the  value  of  a:  replacing  » 
by  its  value  i/2nff  "*  have  x'  ^  4fly. 

(a).  The  value  of  x  is  the  greatest  poaaible  when  3=^  y  =;  \ae,  as  is 
shown  in  the  figure,  where  the  jet  iaauiog  from  the  centre  of  the  cylinder 
has  a  greater  range  than  any  jet  either  above  or  below  the  centre. 

(6).  Since  y  =  ac  —  H,  the  values  of  y  and  H  may  be  interchanged 
without  altering  the  value  of  x/  that  is,  two  jets  issuing  from  orifices  at 
equal  distanceti  above  and  below  m  meet  the  horizontal  line  ab  at  the 
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same  point  as  13  shown  in  the  figure  where  the  jets  issuing  from  k  and 
o  have  the  same  range,  and  also  the  jets  i  and  n. 

Tlie  valua  of  x  and  y  being  determiued  by  obserration,  the  value  of  o,  or  the 
Telocity  of  the  jet,  becomes  known  by  the  formula  (2). 

221.  The  inch  of  ■water  named  bj  hydraulic  engineers  aa  the  uni! 
of  measurement  in  the  scale  of  water,  is  the  volume  of  water  which 
escapes  in  a  given  time,  say  one  minute,  through  an  orifice  of  one  incb 
diameter  whose  centre  is  one  and  one-twelfth  inches  below  a  conatiint 
Burface. 

pROBV  has  barmoniicd  this  unit  with  tie  Frencb  metrical  systtm  by  employ- 

Ibc  quantity  of  nat^r  escaping  in  one  minule  fi-om  taeh  an  opening,  equEtl  to 
meties,  equal  to  4,403  gallooB  English  measure. 

222.  Constitation  of  liquid  veins, — The  form  and  oonstitutirs 
of  liquid  veins  have  been  studied  by  a  great  number  of  experimenters 
The  results  of  F.  Savact,  and  more  lately  of  G.  Magnus  (Poggendorlf 
Annalen,  cvi.,  p.  1),  are  those  here  given. 

It  is  determined,  1.  That  if  a  liquid  vein  iesues  quite  calmly  and 
vertically  downwards,  from  a  circular  orifice  in  a  plane  and  thin  hori- 
lontal  wall,  no  movement  of  rotation  existing  in  the  mass  of  the  liquid, 
such  a  stream  forma  a  continuoua  perfectly  smooth  cylindrical  mass, 
the  diameter  of  whiih  diminishes  with  the  distance  from  the  orifice  to 
the  point  where  disintegration  commences.  From  this  point  the  vein 
aaaumes  a  turbid  appearance,  enlarges  in  diameter,  and  commences  to 
epirt  off  amalt  drops  laterally. 

2.  If  the  masa  of  liquid  is  in  rotation  in  the  vase,  or  any  cause  of 
Tibration  exists,  as  from  the  sounding  of  a  musical  note,  then  the  vein 
is  separated  into  two  distinct  parts,  fig.  174.  The  portion  nearest  the 
orifice  is  calm  and  transparent,  like  a  rod  of  glass,  gradually  decreasing 
in  diameter.  The  second,  on  the  contrary,  is  constantly  agitated,  and 
takes  an  irregular  form,  in  which  are  distributed,  at  regular  distances, 
elongated  swellings,  called  "ventral  segments,"  whose  maximum 
diameter  is  greater  than  that  of  the  orifice ;  while  the  position  of  the 
first  swelling  is  always  much  nearer  the  orifice  than  the  point  where 
the  jet  without  swelliags  commences  to  become  turbid. 

Magnus  found  that  the  beat  means  to  prodnoe  these  "ventral  segmonta"  Here 
■  large  inning  fork  sounding  0  below  the  line— and  the  monotonous  hum  of  ths 
inagnetie  hammer  or  bleak-pieco  used  in  electro-magnetio  apparatlia. 

3.  The  swellings  consist  of  separate  isolated  masses  of  water,  as 
■hown  in  fig.  175.  However  regular  their  external  form  may  be,  they 
tre  still  formed  of  separate  masses,  as  may  be  readily  distinguished  bj 
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holding  a  piece  of  wire  in  the  hand  so  that  one  of  its  ends  penetmteg 
a  little  way  into  the  jet.  A  uniform  pressure  is  felt  when  the  wire 
is  Btruok  by  the  smooth  part  of  the  stream,  hut 
when  struck  bj  a  swelling  a  strong  vibratory  and 
iattirmitling  motion  is  felt.  The  separate  masses 
of  water  forming  the  swelling,  clearly  communi- 
cate this  motion  to  the  air,  and  thus  disturb  the 
flame  of  a  gas  jet  brought  near  them,  which  the 
imooth  part  of  tbe  atJ'sa:n  doe^  not  do. 

Savart  found   that  the  swellings  are  formed  of 
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bstance. 
lated  by  woolen 
10,  not  even  the  loud  tone  of  a  heavy 
tuning  fork  on  a  sounding  bos  (377)  snfEeed  in  Magnus's  esperiments  Ifl 
cause  the  production  of  ventral  segments.  Without  such  precautions 
they  are  often  set  up  spontaneously  by  vibrations  communicated  from 
the  falling  stream  through  the  solid  parts  of  the  apparatus, 

To  obasrvc  the  eonstifntion  of  the  swellings,  Magnus  naod  a  revolving  card 
pirforated  by  a  tarrow  radial  alit,  lilts  the  toy  known  as  the  anorthoaeoiie. 
illuioinadus  the  struam  by  a  lamp,  bnt  the  details  of  his  results  exceed  our  space. 

S.  If  tbe  vein  flows  from  a  very  small  orifice  (leas  than  a  millimetre), 
the  smail  drops  into  which  the  stream  breaks  up  move  quite  irregularly. 
But  on  sounding  a  note  tbe  drops  arrange  themselves  in  groups  with 
great  regularity — a  certain  nnraber  always  follow  each  other  imme- 
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diately — a  somewhat  greater  ioterval  succeeds,  and  then  the  former 
grouping  of  drops  oeoura  again. 

So  in  a  stronger  ctream,  under  the  power  of  a.  harmonious  note,  the  snellings 
ind  knols  afiama  moro  regalarity,  and  usurp  the  transparent  pari,  which  almost 
eclirol;  di^njipeJis— the  Sow  of  the  liquid  from  the  orifice  remaining  the  esiue 

6.  The  constitution  of  Teins  thrown  out  in  any  direction  is  essentially 
the  same;  but  the  number  of  pulsations  is  diminished  in  proportion  as 
the  vein  is  projected  more  vertically  upwards. 

223.  £acape  of  liqalds  through  short  tuties. — Short  tubes  (called 
adjulages)  are  often  placed  in  an  orifice  to  increase  the  flow.  They  are 
either  cylindrical  or  conical.  If  the  vein  pass  through  the  tube  without 
adhering  to  it,  tlie  flow  is  not  modified ;  if  the  vein  adhere  (the  liquid 
wett  ng  the  nter  or  wall  )  tl  e  contra  fed  part  is  dilated,  and  the  flow 
increased  In  the  la  t  case  and  w  th  a  cylindrical  adjutage,  its  length 
not  le  ng  more  than  four  t  nea  Is  d  ameter,  the  flow  is  augmented 
abtut  one  th  rd 

Con  cal  (kJ)  la^es  conrerg  ng  t  wards  the  exterior  of  the  reservoir, 
inerea  e  tl  e  flow  et  11  more  than  the  preceding,  the  flow  and  velocity  of 
the  vein  varymg  with  the  angle  of  convergence.  Conical  adjutages 
diverging  towards  the  exterior,  give  the  greatest  flow.  They  may  give 
a  flow  2 — i  times  as  great  as  tJiat  which  an  orifice  of  the  same  diameter 
in  a  thin  wall  furnishes,  and  1-46  times  greater  than  the  theoretical 

PrMtically,  the  flow  during  a  aeeond  from  cylindrioal  adjutages  of  a  length 
three  imd  t,  quarter  times  the  diameter,  is  found  b;  the  formula, 

r=  0'S2  sy%S  =:  3-62  *j/ff;  i  being  the  area  of  the  tube  and  H  the  head, 

224.  Escape  of  liquids  tbioiigh  long  tubes. — When  a  liquid 
passes  through  a  long  straight  tube,  the  velocity  of  the  flow  soon  dimi- 
nishes greatly  (wi.^g  to  the  friction  between  the  liquid  particles  and 
the  vralts.  Bends  or  curves  in  the  tube  increase  the  loss  in  velocity,  for 
the  iame  reason.  The  discharge  thus  becomes  very  much  less  than  it 
would  be  from  an  orifice  in  a  thin  wall,  and  to  obviate  this  evil  the  tube 
is  generally  inclined  ;  the  liquid  then  passes  down  an  inclined  plane,  or 
it  is  forced  through  by  pressure,  applied  at  the  opposite  end. 

iniform 
H  the  < 


\l  +  bid 
In  which  B  is  Iha  height  of  the  itat«r  above  the  oriSee  of  discharge,  if  the 
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diameter,  and  I  the  length,  of  the  tube.  All  these  quantities  .  b  to  bt  taken  in 
metres.  The  furmula  gives  the  value  of  D  in  cubic  metres,  which  may  bu  reduced 
to  •' inches  o/  water"  (221)  bj  multiplying  the  result  bj  75.  This  formula  was 
deduced  from  the  eiperimenta  of  Eytelwein.  When  the  tube  ia  Terj  long,  we 
ma?  neglsct  bid  as  ver;  small  in  comparison  with  I,  and  the  formula  to  deter- 
miae  the  diameter  required  lo  discharge  a  given  Toiume  of  liquid  is, 

\  H 
The  velocity  of  the  discharge  ia  giren  bj  the  formula. 


225.  Jeta  of  water,— As  the  velocity  of  a  liquid  esoaping  From  an 
orifice  is  the  same  as  that  which  a  body  acquires  falling  from  a  height 
equal  to  the  distance  from  the  surface  of  the  liquid  to  the  orifice,  a  jet 
of  watev  spouting  upwards,  ah  uld  r  se  to  IS 

the  level  of  the  liquid  in  the  reserve  r  But 
this  never  quite  takes  place  flg  1  f  >e- 
cause  of — 1st,  the  friction  in  the  ond  n^ 
tuhea  destroying  the  velocity — 2d  the  re 
sistance  of  the  air — 3d,  the  re  urn  ng  w  er 
falling  upon  that  which  is  r  s  ng  The 
height  of  the  jet  is  increased  by  ha  ng  le 
orifices  very  small,  in  oompar  eon  v  1  he 
conducting  tube;  piercing  tl  en  n  a  very 
thin  wall,  and  inclining  the  jet  a  ttle  thus 
avoiding  the  effect  of  the  retarn  ng  water 

It  haa  been  determined  that  the  differences  between  the  height  of  vertical  jets 
and  that  of  tho  reservoirs  are  approximately  as  the  squarea  of  the  height  of  lb* 
jets.  Eiperiment  has  assigned  the  number  O-OI  as  tho  coefficient,  and  the  for- 
nnla  which  ^ves  the  height,  h,  of  a  jet  undei  a  head  repreaenlsd  b;  H,  la 
fl  —  i  ^  0-OlA': — the  unit  of  measure  being  the  French  metre. 

If  air  is  mingled  in  the  water,  the  mistnre  being  lighter  than  water,  (he  jet 
Oiin  bo  cade  to  rise  higher  than  its  source. 

22G.  Pressure  ezerted  by  liquids  in  motion. — When  a  liquid  is 
in  iftoUon,  either  in  a  conduit  tube  or  an  adjutage,  the  pressure  it  exerts 
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n  equilibrium,  an-,  generally  it  u 


on  tha  walla  lo  out  tho  same  i 

less,  as  the  velocity  of  flow  is  greater 

If  the  effeUive  itloLity  is 
equal  to  theory,  the  interior   ] 
p-essure   upon   the  walla 
the  ad|utage  will  be  equal  to 
the   statical    pres^urp    id    a 
state  of  equilibrium     As  the 
effective   velocity    loorease?, 
the   interior   pressure    upon 
the   walls   of   the    adjutage 
becomes  less  than  the  pres- 
sure in  a  state  of  equilibrium   mid  ii  n  n  i-mti  1  utume  lesa  than  tha 
external  atmOBpherio  pressure,  hut  it  can  never  become  null 

This  principle  may  be  demonstrated  by  the  apparatus  shown  in  fig, 
177,  where  a  bent  tube,  m  n,  is  inserted  mto  ■>  (.ylindrual  adjutage,  and 
when  the  lower  end  is  placed  in  a  vessel  of  water,  as  shown  in  the 
figure,  the  fluid  will  mount  up  in  the  tube  to  a  certain  point  n. 

If  the  tube  mn  is  not  too  long,  the  water  will  mount  up  and  enter 
the  adjutage,  and  flow  out  with  the  jet.  But  the  fact  that  the  water 
will  not  mount  over  in  the  tube  mn,  unless  it  is  very  short,  proves  that 
the  external  atmospheric  pressure  is  always  opposed  by  a  certain 
amount  of  internal  pressure.  It  may  also  be  shown  that  the  interior 
pressure  never  becomes  null,  but  that  there  is  merely  a  diminution  of 
pressure,  by  placing  the  apparatus  in  a  vacuum,  when  the  water  will 
flow  out  in  the  direction  mn. 

227.  Velocity  of  riveia  and  streams. — The  velocity  of  strenms 
varies  very  much.  The  slower  class  of  rivers  have  a  velocity  of  less 
than  three  feet  per  second,  and  the  more  rapid  as  much  as  sis  feet  per 
second,  which  gives  respectively  about  two  and  four  miles  per  hour 


of   the 


n  djfferei 


a,  for  the  air 
well  al 


of  the  eUeam, 

fonnd  to  be  greatest  in  the  middle,  wliere  the  water  is  deepest,  fig.  178,  somo- 
whera  in  m,  below  tbe  surface ;  then  it  docrcasea  nilh  the  depth,  Wwarda  i! 
eides,  heing  least  at  a  and  b. 

Stream  measureia. — To  measure  the  velocity  of  streams,  varioaii 
means  are  employed.  The  most  simple  is  a  glass  bottle  filled  with 
water,  sunk  just  below  the  level  of  the  current,  and  provided  at  the 
cork  with  t  small  flag,  that  stands  above  the  surface. 
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sail,  3' 


Tclocitj  of  the  atream.     By  observing  tlis  number  of  revolutiona  of 

To  asocrlain  tho  velocity  at  different  deptbs,  tbe  simplest  instrument  ie  Piotot'i 
tube.  It  conaiata  of  a  tube  bent  nearly  at  right  anglea,  terminated  by  a  funnel- 
abaped  moutli :  the  upper  part  of  tbe  tube,  above  nater,  ia  of  glasa.  To  obf  orvs 
with  tbia  instrument,  it  ia  sunk  vritb  its  f\itinel  up  slraara  at  tbe  depth  irbere  its 
velooitj  ie  required.  If  the  irater  iraa  still,  tbe  height  of  the  column  irilhin  and 
without  tte  tHbo  would  be  equal ;  but  as  it  ia  in  motion,  the  niter  will  rise  in  tha 
tube  to  counterbalance  the  force  with  which  the  water  ia  impelled  (tbe  impslso 


used  when  the  supply  of 
IE  delivered  at  the  top  of 
irfl 


228.  'Water-wlieels. — The  motive  power  of  water  is  of 
practical  importanoB,  from  the  number  of 
wheels, 

229.  The  oveisliot  wheal.— Fis-  179  i 
water  is  moderate  and  variable.  The  wati 
the  wheel,  which  maj  move  with  the 
hands  of  a  watch,  as  in  the  figure,  or  tho 
reverse.  It  is  furnished  with  buckets  of 
such  a  shape  as  to  retain  as  much  of  the 
water  as  possible,  until  they  reach  the 
lowest  practicable  point  on  the  wheel,  and 
none  after  that  point.  In  this  wheel  the 
effect  is  produced  both  hy  impact,  and  by 
the  weight  of  the  water.  The  water  is 
received  ns  near  the  summit  as  possible,  and  the  buckets 
as  to  retain  the  water  to  the  lowest  practicable  point  ii 
corresponding  to  about  five  on  the  ISO 
face  of  the  watch. 

230.  The  undershot  wheel.— 
Fig.  180  receivea  its  impulse  at  the 
bottom ;  it  is  furnished  with  float- 
boards  instead  of  buckets.  If  they 
are  placed  at  right  angles  to  tbe  rim 
of  the  wheel,  they  may  turn  either 
way.  When  the  wheel  is  required 
to  turn  only  in  one  direction,  the  =^j; 
float-boards    are    placed   as   in   the    -^ 

acute  angle  towards  the 


acts  then  partlv  by  its  veight. 
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The  breuBt-Tirheel. — Fig.  181  is  moTcd  both  bj  the  weight  and 
momentum  of  the  water.  It  is  furnished  with  Ijucketa,  formed  to 
retain  the  water  &a  long  as  possible.  The  breast-wheel  is  the  form 
most  generally  adopted,  as  it  allows  of  a  larger  diameter  for  a  given 
fall  than  the  overshot- wheel,  with  more  economy  of  power  than  the 
nnderahot-wheel. 

A  more  distinct  idea   f  these  d'fferent 
water  wheels  may    perl  ap"    be  gained 
by  lUu-itrati  n  from  the  faie  of  a  watch 
In  the  breast-wheel    the  water  may  >e 
re  eived  (ai^eording  to  the  desired  m>- 
t  on  of  the  wheel)   letween  e  ght  and   f 
eleven  ocloik  or  between  one  an  i  four  \ 
o  clock      Arcord  ug  as  the  water    s 
ceived   ab  ve  half  past  n  ne     r    lelow 
half  pn'^t  three  on  the  watch   the  wheel  s 
la  called  a  high  oi  low  breast-wheel. 

231.  'Boyden's  American  Turbine. — The  turbine  is  a  horiEontal 
water-wheel,  revolving  entirely  submerged,  and  is,  of  all  forms  cf 
water-wheel,  the  most  energetic  and  economical  of  power.  This 
machine  was  first  constructed  in  an  efficient  form  by  M.  Foumejron  in 
1827  as  the  result  of  experiments  oouimanced  in  1823  ;  but  the  honor 
of  perfecting  the  turbine  and  establishing  the  mathematical  principles 
by  which  it  may  be  adapted  to  every  variety  of  water-power,  whether 
with  high  or  low  fall  of  water,  in  both  small  and  large  streams,  is  due 
to  D.  A.  Boyden,  Esq.,  of  Massachusetts,  under  whose  direction  tur- 
bines have  been  extensively  introduced  in  the  cotton  manufactories  of 
Lowell  and  elsewhere.  Two  of  the  turbines  constructed  under  the 
superintendence  of  Mr.  Boyden  have  been  found  to  give  a  useful  effect 
to  eighty-eight  per  cent,  of  the  power  of  the  water  employed. 

The  water  enters  the  centre  of  the  wheel,  descending  in  its  vertical 
axis,  and  is  delivered  through  a  great  number  of  curved  guides  bo 
■rranged  that  the  water  enters  the  buckets  in  directions  nearly  tangent 
to  the  circumference  of  the  wheel.  The  water  is  received  ty  the  curved' 
buckets  in  the  direction  _of  greatest  efficiency,  and  having  expended  its 
force,  it  escapes  from  the  wheel  in  a  direction  corresponding  very  nearly 
with  the  radii. 

The  upper  part  of  flg.  182  shows  a  boriiontal  section  of  the  (urliine,  and  a 
perpendii^ular  section  it  shown  in  the  lower  part  of  the  same  figure.  FiR.  133 
Bhons  a  section  of  the  turbine  with  the  iron  sluice  and  other  attachments  as 
they  stand  in  the  wheel-pit.  The  letters  refer  to  the  same  parts  in  both  figurea. 
K  K  is  a  stationary  disc  of  CM',  iron  supported  by  the  disc  tube  M  M  made  fast 
to  the  upper  curb  at  P.     The  cnrved  gaidee,  gssg,  made  of  platB  iron,  are 
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Tha  Terticftl  Bhaft,  dd,  is  made  of  cast  iron,  and  is  aecuratoly  turned  in  ei 
part.  Tha  eotire  weight  of  the  wheel  is  supported  by  a  aeriea  of  collars  attac 
to  the  shaft  and  moying  in  the  snspension  hoi  e.  The  box  e  is  hung  npon  ( 
bals  at  4  (like  a  majiner'a  eompnss),  supported  hy  framework  resting  in 
mascor;  of  the  nheel-pit  The  lower  end  of  tbo  shaft  is  steadied  bj  a  pin  p 
inff  into  the  step  i,  whioh  is  adjusted  by  a  serew,  RB  is  a  cylindrical  gale  w 
drops  down  between  the  guides  and  the  movable  part  of  the  wheel,  to  rcgi 


the  flow  of  water  ace 
gate  are  tha  braokalB 
at  W,  by  nliieb  tbe  j 
the  gate  i>  secured  b 


and  endlasi 


a  tbe  figure.     Ordinary  geallDg, 
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■CUctied  tn  tV.D  uni>»r  pBct  of  the  shaft,  communlcalea  tho  paner  uf  the  wheel  ta 
the  macbiaerj  tj  U  dtiveo.  The  curved  iroo  aluieo  B  resta  upon  beams  iV, 
eoBured  in  the  xaMcnrj  of  the  wbael-pit  and  by  atimcheoua  A'^V. 

Tui-LiQea  may  be  divided  into  high  ami  low  pressure  machines.  High 
pressure  turbinea  are  adapted  to  hillj  uouotriea  and  deep  mines  where 
high  falls  of  water  raaj  be  commanded ;  in  these  cases  the  heifjlit  of 
iho  column  of  water  will  compensate  for  the  smallness  of  its  volume, 
reservoirs  being  provided  to  keep  up  a  constant  supply. 

The  low  pressure  turbines  produce  great  effect  with  a  head  of  water 
of  only  nine  inches,  and  are  suitable  for  situations  in  which  a  large 
volume  uf  water  flows  with  a  small  fall. 

The  results  of  an  investigation  by  Arago,  Prony,  and  olhers,  who  were 
appointed  by  the  French  Academy  of  Seienoe.H  to  report  upon  turbines, 
are  aa  follows: — 

(1).  Thattliese  wheels  ^re  applicable  equally  to  great  and  small  falls 

{2}.  That  they  transmit  a  useful  effect  equal  to  from  70  to  78  per 
cent,  of  the  total  moving  force  of  the  water  employed  (88  per  cent,  has 
been  secured  by  Boyden's  wheel). 

(3).  That  they  will  work  at  very  different  yelocities  above  or  below 
that  corresponding  to  the  maximum  effect,  without  the  useful  effect 
varying  materially  from  that  maximum. 

(4).  That  they  will  work  from  one  to  two  yards  deep  under  water, 
without  the  proportion  which  the  useful  effect  bears  to  the  total  force 
being  sensibly  diminished. 

(5).  In  consequence  of  the  laet-montioned  property,  they  utilize  at  all 
times  the  greatest  possible  proportion  of  power,  as  they  may  be  placed 
below  the  lowest  levels  to  which  the  water  surface  sinks. 

The  mathematical  formulse  for  adapting  turbines  to  eveij  rarietj  of  water- 
power,  and  mneb  other  valuable  infarmation,  will  be  found  in  a  treatiae  on  the 
Hydraulic  Eiperimcnta  at  Lowell,  by  Mr.  J.  B.  TrflHoia,  from  ffhoae  work  the 
above  condensed  description  has  been  prlncipallj  obtained. 


232  Observation, — Definition.— The  complete  discussion  of  the 
action  of  Molecular  Forces  between  particles  of  unlike  kinds  belongs 
appropriately  to  Chemical  Physios.  We  have  already  noticed  some  of 
the  phenomena  of  adhesion  properly  referable  to  this  section  (147 
and  fullowing).  It  now  remains  to  consider  briefly  those  special  cases 
of  this  general  subject  which  affect  the  laws  of  fluid  equilibrium.  Wo 
refer  especially  iq  the  Phaiomena  of  CayillaTiiy  ajid  ffndosmose.. 
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The  laws  of  fluid  equilibrium  wliich  we  have  already  considered 
apply  od!j  to  Teesela  of  considerahle  diameter,  in  whieh  the  effects  of 
adhesion  between  liquids  and  solids  (14S)  may  be  safely  neglected. 

In  very  narrow  vessels,  and  particularly  in  tubea  of  small  bore,  ths 
effects  of  this  kind  of  molecular  attraction  become  very  sensible.  Such 
tubes  are  called  capillaTy  tubes,  from  capiltua  a,  hair,  in  allusion  l«  the 
hair-lilte  fineness  of  their  bore.  The  effects  of  such  tubes  on  liquids 
are  distinguished  by  the  general  term  capillarity. 

233.  G-eneial  facts  in  capillarity. — If  tubes  of  small  bore,  open 
at  both  ends,  are  placed  vertically  in  water,  the  liquid  is  seen  to  mouat 
both  in  the  tubes  and  on  the  outside,  fig.  184,  rising  higher  withio  a..' 
the  tubes  are  smaller.  If  the  bore  is  over  half  an  inch  in  diameter, 
this  effect  is  not  very  sensible.  The  experiment  becomes  more  satis- 
factory if  made  in  communicating  vessels  (202),  of  which  one  branch 
is  much  narrower  than  the  other,  as  in  fig.  185.  Two  slips  of  glass 
plunged  in  water,  and  brought  near  each  other,  also  exhibit  the  effect 
of  capillarity.  In  narrow  communicating  vessels,  then,  the  laws  of 
equality  of  levei  do  not  hold  good. 

If  the  experiment  is  tried  with  mercury  (which  does  not  wet  the 
glass)  there  is  a  depression  of  the  surface  of  the  liquid  both  within 
and  without  the  tube,  fig.  186,  and  this  becomes  greater  as  the  tubes 
are  smaller,  as  seen  in  the  two  branches  of  the  communieatJng  vessels, 
fig.  187.     In  a  greased  tube  water  is  similarly  depressed. 


Tnese  ]>hennmena  are  independent  of  atmospheric  pressure^ — taking 
pla''e  equally  in  a  vacuum  or  in  compressed  air  They  are  also  inde- 
pendent of  the  thickness  of  the  walls  of  the  tube  (148),  but  they  vary 
with  the  material  of  the  tube,  and  with  the  nature  of  the  liquid. 

Thus,  in  tubes  of  the  same  Internal  diameter,  placed  in  liquids 
capable  of  wetting  the  surface  of  the  glass,  the  elevation  is  different  for 
Bach  liquid.  In  tubes  of  0-0472  inch  diameter  of  bore,  water  rises  O'tfOS 
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inches  (or  about  4  inches  in  tubes  of  tJj  inch  bore),  essente  of  turpen- 
tine 0-385,  pure  alcohol  0*278,  whale  oil  about  the  same,  while  ether 
rises  still  less.  In  some  liquids  the  elevation  is  scarcely  sensible,  while, 
as  we  have  seen  in  mercury  and  other  liquids  not  wetting  the  surface 
of  the  tube,  there  is  a  depreasiim. 

Form  of  the  surface. — These  changes  of  level  are  accompanied  by 
a  chungo  of  form  in  the  surface  of  the  liquid  in  the  capillary  column. 
Jt  is  concave  if  there  is  elevation — plane  if  there  is  no  change  of  level, 
aud  convex  if  there  is  depression.  The  first  case  is  called  the  concave 
menhaii,  and  the  last  the  convex  meniscus. 

The  cause  of  these  phenomena  is  to  bo  sought  in  the  mutual  action 
of  molecular  forces  (146)  and  of  gravity. 


A  needle  covered  with  grease,  gentlj  placed  upon  tfte  Tjflter 

floats,  because 

not  being  moistened  tiy  the  liquid,  there  is  produced  a  depreasi 

a  in  which  it  li 

supported.     Thus,  mtui;  insects  naJk  and  shim  on  the  aulfaae 

f  water  withou 

plunging  in.     Oil  and  other  burning-fluids  in  lamps,  and  the  m 

eltod  tallow  an 

wax  of  candlea,  are  supplied  to  their  flames  by  means  of  the  ca 

illarity  of  theii 

wioka  i  so  there  ia  an  absorption  Qf  liquids  in  wood,  in  sponge. 

m  cloth,  and  in 

all  bodies  that  possess  sensible  pores. 

234.  Cause  of  the  ciirvq  of  liquid  aurfacea  by  (lie  contact 
of  solids. — The  form  of  the  surface  of  a  liquid  in  contact  with  a 
solid,  depends  upon  the  relation  which  exists  between  the  attraction  of 
the  solid  for  the  liquid,  and  the  liquid  particles  for  each  other. 


md  D  E  the  surface  of  a  solid 


immersed  yBrticaHj  ia  the  fluid.     Any  liquid  particle,  as  A,  ia 

ubm 

Itedto 

action  of  three  forces,  vii.:  1st.  Gravity,  which,  as  it 

acts  equally  upon  all  the  partielea  of  the  fluid,  may  be 

omitted  from  the  present  discossion.    2d.  The  eohesLve 

attraetion  of  the  fluid   acting  through   the   quadrant 

B  A  E,  and  having  ita  resultant  in  A  P.    3d.  The  adhe- 

^ 

sive  attrociion  of  the  solid  for  the  particle  A.     This  "iiT 

/ 

latter  force   may  be   considered  aa   divided  into  two       \ 

/ 

0 

JpX' 

(he  surface  of  the  fluid,  whose  resultant  will  be  A  Q;       y^ 

^ 

Gurface  of  the  fluid,  which  will  have  a  resultant  in  A  Q'.    Let  B  t 

E  be  draw 

the  limit  of  sensible  cohesive  attraction  of  the  fluid  for  the  pat 

tide  A,  and 

ttf  the  liquid  for  the  particle  A ;  also  let  m  h  o  have  the  same 

relation  to 

.dheaive  attraetion  of  the  solid,  and  Q  and  Q'  will  represent  the 

ntansity  of 

force  above  and  below  the  surface  of  the  liquid. 

Completing  the  parallelogram  A  Q  C  Q',  A  C  =  2  Q  cos.  45'  w 

1  represent 

resultant  of  all  the  tttraetion  of  the  solid  for  the  particle  A.     0 

n  A  C  and  A 

sultan t  of 

and  AC. 
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ction  of  tho   r 

eullant  AE  will  be  delermmed  by  Ihe  ya 
or  2  Q  —  P.     There  will  evidenlly  be  three  CB 

UB    of 

2Q  —  P> 

,     2Q  —  P^0,     imd2Q~P  <iO. 

Mt  ease  the  re 
id.     In  liB  se 

ultant  will  lie  in  the  ftngle  C  A  E,  and  the  flu 
OQd  ease  the  resultant  will  lie  in  A  E,  ia  th 

drfl 
plane 

wl  ieh  sepnrales  the  solid  and  the  fluid.  In  the  third  case  the  reeultout  will  lie 
it  the  ant;le  B  A  E,  and  tho  Quid  will  not  wet  the  Bolid.  In  this  case  there  is 
no  necessity  to  suppose  any  repulsion  betneeo  the  selid  and  the  floid,  but  oul; 
that  the  cohesive  attraction  of  the  fluid  is  more  tbaa  twioe  as  great  as  the  alttiu:- 
lion  of  the  solid  for  the  fluid. 

As  the  surface  of  a  liquid  is  always  perpendicular  to  the  direction  of  the  forces 
which  solicit  ila  moleenlea  (199)  iu  the  first  case,  the  surface  of  the  fluid  at  A 
will  be  tangent  to  the  plane  M  N,  Hg.  189,  which  is  perpeadicular  to  the  general 


A  R.     At  A 


:B  feel 


e,  the  : 
ere  the  i 


'  \ 

" 

\. 

nrfaci 


of  the 


nail  tube,  T,  the  concave  aurfaea  of  the  fluid  will  be  aei 
Jt  lies  in  the  line  A  E,  . 
is  horiiontal,  because 
e  Bnme  aj  if  the  aurfitci 


the 


'0  force  of  (be  solid  and  flui< 
the  fluid  wm  ludefinitaly  extended. 

When  2  Q  —  P  is  leas  than  lero,  or  negative,  the  resultant  A  R  will  be  found 
in  the  angle  BAR,  and  the  surface  will  be  tangedt  io  the  plane  M  N  at  the 
point  A ;  it  will  therefore  be  convex,  as  shown  at  A  A",  fig.  190,    In  a  capillary 

235.  Experimental  illuatrationa.— Capillary  phenomena  are  eaBilj 
esplained,  when  we  inow  th'it  under  the  double  influence  of  the  attrac 
tion  of  a,  solid  and  a  liquid,  th''  eurfiioa  of  the  liquid  may  be  either 
concave,  plane  or  oonTei,  as  the  relative  intensities  of  thcKe  forces 
vary ;  we  can  aho  see  that  the  ascent  or  depresaiou  of  the  liquid  in 
capillary  tubes  is  a  direct  eonsequeni-e  of  the  terminal  form  uf  the 
liquid.     This  explanation  ib  easily  verified  by  eiperiment 


ihcrti 


tube    1 


than  the  'ther 


dp,, 


3  fig  T*5  but  let  the  e 
-aler  dr  p  V.  drop  n  tj 
■  the  IuIm,  in  the  thort  lo 


,illar. 


d  by  Google 


OF  FLUIDS. 


sboire  the  level  dua  to  hjdroatalic  pressure  dspenrja  upon  the  form  of  tho  Burfnce. 

i.  Let  a  capillnrj  tube,  nltb  a  email  apbete  blown  in  il 

;,  as  shown  in  fig.  IBl, 

be  soldered  into  the  bottom  of  s  small  glses  vessel  or  tub 

is  slowlj  dropped.   As  the  mereary  rises  into  the  sphere, 

191 

it  will  tiike,  at  A,  the  f"rm  of  a  very  convex  button.    As 

it  rises  to  B  B  and  C  C,  the  convexity  of  the  surface  will 

1 

gradually  diminish,  although  it  will  make   a  eonstant 

angle  (about  45=)  with  the  walls  of  tho  glass  sphere,  as 

^A^ 

5bo»n  by  (be  doited  lines.     When  it  arrives   at  D  D, 
where   ths  surface  of  the   sphere   is   inclined   ii",  the 

/'X   /-\ 

.[A^'KT'^r. 

This  experiment,  depending  apon  Uie  ci 


The  level  at  which  a  liquid  may  be  mainlaii/ied  in  a  capillary  tube 
depends  on  the  diameter  of  the  canal  at  the  upper  level  of  the  liquid. 


inch,  a  column  of  wafer  of  the  diameter  of  tho  vaso  will  he  sustained  by  the 
capillary  foree  at  the  height  of  neariy  four  inches— tho  height  of  the  column 
teqoisite  to  restore  equilibrium  being  independent  of  the  diameter  of  the  Toae. 
The  same  apparatus  being  reversed  and  plunged  in  a  bath  of  mercury  will 
evince  a  corresponding  depression  i>f  the  level  of  the  mercury  in  the  cnpiliBry 
tube,  the  vase  remaining  void  of  m 

It  ia   evident  from   these       p             t  tl    t       p  11       y                  J 

energetic  force,  aod  when  we              b  th  t  th     cap  11     v          I 

vegetalilaa  ace  usually  smallor  tl       tl  h      d     1 1     f             h        d 

those  in  the  animal  body  are       y         1  U        t            j  t        d 

stand  the  afloensional  foree  of      p        pi  ta        d  th    f       t           f  tl 
capillaries  In  animals. 

d.  Sy  this  power  it  is  that  the  s  as  m  f    mbel  w 
to  sipplv  the  waste  of  evaporati      —                               h        h     be     fi       f 
deaeend  to  the  lower  strata.     Hence  m  dry  eUmates  the  surface  soil  is  covered 
with  saline  efflorescnccs  loft  by  the  evaporation  of  water  holding  salts  in  solution. 

e.  Rocks  are  split  by  the  swelling  of  wooden  pings  driven  forcibly  In  the 
dry  state  into  boles  drilled  for  the  purpose,  and  afterwards  wet  with  water. 

236.  Influence  of  tbe   cuive  on  capillary  phenomena. — The 
ascent  or  depression  of  liquids  in  capillary  space?,  is  owing   to  tint 
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form  of  the  surfaces.  Let  abc  d,  fig.  192, 
meniBeus,  the  particles  of  which  are  sustained  i 
forces  before  mentioned ;  theso  particles  do  not 
on  those  bekvr  them,  and  therefore  at  c6  there 
the  particles  of  fluid  are  sustained  by  upward 


e present  a  coDcave 
equilibrium  by  tliB 
lercise  any  pressure 
s  a  line  abi>ve  whiob 
and  below 


J  sustained  bj  equal  external  pressure  of  the  culi 


The  sensible  attraction  of  the  walls  of  the  tube  does  not  extend  so 
far  as  the  perpendicular  height,  dc,  of  the  curve.  It  is  only  a  small 
portion  of  the  wall  of  the  tube  just  above  the  estremity,  d,  of  the  curve 
that  supports  the  fluid.  The  action  of  every  part  below  d,  while  it 
tends  to  elevate  the  fluid  below,  also  tends  to  depress  the  portion  of 
fluid  above  it,  and  these  two  influences  neutralize  each  other.  The 
particles  of  fluid  about  c',  and  within  the  limit  of  sensible  attraction, 
are  drawn  upward  by  the  attraction  of  the  tube,  aud  these  particles, 
by  their  cohesive  attraction,  support  those  below,  until  the  weight  of 
the  capillary  column  becomes  equal  to  the  adhesive  attraction  of  the 
solid  for  the  particles  within  the  limit  of  attraction  about  the  point  d. 

In  determiaiiig  the  height  of  liquids  in  capillary  tubes,  the  height  of 


th 


po 


e  added  to  the 


ei,  the  equilibrium  still 
d  obliquely  inwards  and 


liquid  within  the   tuba 


2        Ii  TO'         h  ti   n  and  dp  n  of  liquids  in  capll- 

y    ab      —  m  lace,  that  the  attraction 

ffi  lent,  depondicg  on  the 

q  a  cylindrical  tube  with 

m  ed     hat  the  concave  surface 

is  sensibly  a  hemisphere,  vrith  a  radius  equal  to  half  the  diameter  of 

the  tube.    The  attraction  of  the  meniscus  is,  therefore,  in  inverse  ratio 
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with  the  radius,  or  the  diameter  of  the  tube,  and  in  consequence;  the 
liquid  column  will  be  raiaed  by  this  force  to  a  height  which  Tariea 
aocording  to  its  iutenRity.  The  length  of  the  liquid  column  contaiued 
in  the  tube  ia  a  little  lesa  than  calculation  would  indicate,  according 
to  the  above  rule,  because  of  the  weight  of  the  meniscus,  but  this  error 
ia  very  small,  less  as  the  capillarity  of  the  tube  is  less,  the  inSuenca 
of  the  weight  of  the  meniscus  decreasing  rapidly  as  the  diameter  of  tho 
The  height  of  the  liquid  in  the  tube  is,  therefora, 
in  inverse  ratio  to  the  diameter,  but  the  law  is  nearly 
Id  to  the  height  one-sislh  of  the  diameter  of  the  tube, 
required  for  the  weight  of  the  meniscus, 
rror  being  thus  made,  the  law  would  be  correct, 
accurately  spherical  surface,  but  this  obtains 
ter  13  very  small  (2  or  3  m.  m.,  -07874,  or 
to  be  truly  spherical,  and 
Lirve  of  tho  surface,  which 
of  the  tube, 
capillary  tubes. — The  rapidity 
tubes  of  great  diameter,  ia  seen  in 


never  absolutely 
eiaet  when  we  a( 

Corrections  for  thi 
had  the  meniscus  ! 
only  when   the   dia 
■11811  inches)  the  surface  in  general 
the  ascent  or  depression  depends 
Taries  much  more  rapidly  thin  thi 

23S.  DepreBsion  of  meicuiy 
with  which  capiliarity  diminishes, 
the  following  table ; — 


lo  LeplMft   ^  j           Youn/ 

JbcoHj. 

Awoniinglo 

20  m.  m. 

OOSS                       0 

0.31 

0-031 

in 

0-137                    0 
0-445                    0 

111 
402 

0-408 

t-131 

^ 

" 

i-iri              1 

1S9 

0-67S 
1-134 

0-820 
1-377 

!> 

1-534                    ] 

510 

1-513 

1-735 

■1 

2-066 

2-187 

3-918                    2 

986 

2-983 

3-054 

2 

5     " 

3-566 

i-       " 

4-4&4                    4 

S87 

4-S88 

i-i12 

The  numbers  contained  in  tho  firat  column  hare  been  calculated  by 
M.  Bouvard,  according  to  the  formula  of  Laplace;  those  of  the  last 
two  columns  have  been  obtained  directly  by  experiment. 

239  Ascent  of  liquids  in  capillary  tubes. — ^For  all  liquids,  the 
ascent  or  ie|  resa  on  m  capillary  tuboa,  decreaaes  aocording  to  analo- 
gous 1  iws  If  the  tul  es  are  very  small,  the  heights  augmented  with 
one  sixth  of  tl  e  r  dian  eter  are  incereely  as  the  diameters.  If  the 
tubes  are  very  large  we  may  asoer»^in  very  accurately  the  heights  to 
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which  liquids  would  rise  bj  very  oompliuated  L'alculatioDs,  or  we  may 
obtain,  afi proximately,  tjieir  capillary  effects,  in  (juppotiltig  them  pro- 
portiooal  to  the  depression  mercury  underguee  in  tubes  of  the  same 
diameter.  For  the  same  tube,  and  for  the  same  liquid,  the  capillarity 
depends  much  on  the  temperature,  decreasing  mure  rapidly  than  the 
density. 

According  to  Gay  Lussao,  the  elevation  of  water  in  a  capillary 
tube  of  1  m.  m..  {-03937  in.)  ia  30  m.  m.,  (-11811  in.)  and  different 
liquids  elevate  themselves,  in  (he  same  tubes,  to  heights,  which  are  in 
the  following  relation ; — 

Water, lOO' 

Saturated  solution  of  chloride  of  ammonium,       ,     102-7 
"  "  sulphate  of  potash,      .         .       05'7 

"  "  "  copper,      ,         .       84- 

Nitric  acid, 75- 

Hydrochloric  aciij, 70-1 

Alcohol 40-8 

Oil  of  lavender, 37-5 

240.  Iia'wa  of  the  equilibiium  of  liquids  between  parallel  or 
iuollned  laminae, — Fheaomena  aualogous  to  those  presented  in  capil- 
lary tubes,  may  be  observed  when  two  iaminse,  plunged  in  a  liquid, 
are  brought  near  to  each  other.  If  the  laminie  are  made  wet,  the 
liquid  elevated  between  them,  is  terminated  by  a  cylindrical  surface; 
if  not  moistened,  the  liquid  ia  depressed,  and  is  terminated  by  a  convex 
surface  ;  and  it  is  observed  that : — 

1st.  A  liquid  in  regularly  dei-aied  or  depressed  between  tioo  lamtnte, 
Mversely  as  Ihe  interval  toftieh  separates  them 

2d.  That  the  height  of  ihe  194 

ascension  or  depression  for  a 
given  inlerral,  is  half  that 
which  viould  take  plaee  in  a 
tube  having  a  diameter  equal 
to  that  of  the  interval. 

When  we  plunge  two  in- 
clined   Iaminse   (with    their 
line  of  contact  in  a  verticals 
position)  in   a  liquid  whiehB 

wets  them,  a  concave  surface  ~^     '  "   "    ~' 

may  he  observed  between  them,  fig,  194  the  liquid  ris  ng  toward  the 
upper  point  of  their  line  of  contact.  The  surface  of  the  liquid  takcH 
the  form  of  the  curve  known  in  geometry,  under  the  name  of  the 
egailaia-al  hypa-bola;  this  curve  ia  produced  by  capillarity. 
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241.  Movement  of  drops  of  liquid  ia  conical  tubes  ot  between 


jiiical  tube, 
mtiU,  the  liquid. 


Uiminse. — When  a  drop  of  liquid  is  contained  i 
between  two  laminae  having  their  liues  of  contact  hurizo 
if  it  wets  the  tube  or  lamina,  ia  termimted  by 
two  concave  surfaces,  and  the  liquid  is  drawn 
towards  the  smaller  end  of  the  tube,  or  towirds 
the  angle  of  the  lamina,  i.  e.  in  the  direction 
from  m  to  m',  fig.  195,  because  the  liquid  being 
terminated  by  concave  surfiices,  the  pre'i'ure  from  without  inwards 
decreases  as  the  radium  of  the  concave  surface  diniiniiihes.  so  that  tiie 
resultant  pressure  is  directed  from  m  towards  196 

ni'.  If  the  liquid  is  mercury,  or  any  fluid  that 
does  not  wet  the  surrounding  body,  the  two  , 
surfaces  will  be  convex,  and  the  pressure  from 
without  inwards  will  be  greater  in  proportion  as 
the  radius  of  curvature  becumas  less,  lience  the  resultant  pressure  will 
be  from  m  ttiwarda  m,',  fig.  19G,  and  the  drop  will  be  driven  towards  the 
larger  end  of  the  tube,  or  towards  the  more  open  parts  of  the  laminte. 
242,  Attiactlon  and  repulsion  of  light  floating  bodies.— The 
attraction  and  repulsion  which  we  observe  between  light  bodies  floating 
on  the  surfivce  of  liquids,  is  due  to  capillarity.  Two  floating  bodies  are 
drawn  near  to  each  other  either  when  botii  are,  or  both  are  not  moistened, 
and  repelled  if  the  liquid  wets  only  one  of  them. 


whose  eurfaces  are  wet  by  tbo  liquid.   Between 

^^X^,/,     ^^^^ 

the  bodies  a  araail  mass  of  Quid  ie  elcvatod  bj 

eapillary  attraction,  of  which  the  point  m  is 

higher  than  the  level  of  «  i,  the  highest  poinla 

^^^^K^^^S/I^^^ 

of  the  eitorior  curves. 

TbB  weight  of  the  column  m  tends  to  draw 

the  two  bodies  together,  acting  like  a  loaded 

cord  suspended  botwoon  the  two  bodies.     The 

mutual  ooheeion  of  the  molecules  of  the  liquid 

^^3^^^^H|8^Si 

at  Che  highest  points,  serves  as  the  attachments 

fik.-W^ 

of  the  extremities.     When  the  two  bodies  are 

^JI.v.AdMii^^ 

not  wet  by  the  liquid,  the  Hqnld  is  dapressad 

^^^^■^S 

upon  the  two  bodies  drives  them  together,  as 

shown  in  the  middle  section  of  tba  figure. 

When  one  body  is  wet  by  the  liquid,  and  the 

.  other  ia  not,  the  result  of  eapil- 

lary  attraalion  is  to  cause  the  two  bodies  mutually  to  repel  eaeh  other. 

If  the  body  which  is  wet  is  removed  beyond 

tha  influence  of  the  other  body. 

the  concave  meniauus  will  rise  on  both  sides  of  the  body  to  the  dotted  line  o,  in 

the  lower  pare  of  the  figure.     In  the  same  mannar,  if  the  body  not  wet  were 

alone,  the  meniscus  of  depression  would  extend 

on  both  sides  t«  the  dotted  line,  li 
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depression  of  the  other,  the  aurfaee  of  the  liquid  will  take  a  form,  «  *,  interioe- 
diate  hetneen  the  tva  carves  nhich  would  have  been  formed  nheu  tlie  bodies 
vrera  entirely  separaMid;  that  is,  the  more  elevated  point  n  will  be  below  n,  and 
the  point  of  greatnat  dopres«ioii  at  k  will  be  above  the  point  r.  The  body  wet 
»ill  therefore  be  drawn  outward  by  the  weight  of  that  pan  of  the  estemal 
ineniacus  which  is  more  elevated  than  the  internal,  as  repie^nted  by  the  distance 
D  « i  and  the  bodj  not  wet  will  be  driven  away  from  the  first  by  the  eseesa  of 
bydroslatic  preessare  dne  to  tlie  dilTerence  of  level,  &  r,  on  the  two  sides  of  the 
aeoond  body. 

Escape  of  Liquids  from  Capillaiy  Tubes, 
2'I3.  Flow  of  liquids   from   capillary  tubes.— Fluida   eBcaping 
from  eaplilarj  tubes  arc  subject  to  the  following  laws  :— 

1.  For  Ike  same  tube  the  flow  is  proportioned  to  the  pressure. 

2.  With  tubes  having  an  equal  pressure  and  length,  the  flow  is  pro- 
portional io  the  'IthpovKr  of  tlieir  diameters. 

3.  For  the  same  pressure  and  the  same  diameter,  the  flow  is  itt  incerst 
ratio  to  their  length. 

4.  The  flow  increases  with  the  temperature. 

The  inequalities  in  the  flow  of  different  liquids  under  Ibe  same  cir- 
cumstances does  not  seem  to  depend  on  their  viscoaitj  or  their  densitj ; 
for  alcohol  flows  slower,  and  oil  of  turpentine,  or  sugar  solution,  faster 
than  water.  So  also  nitrate  of  potash  solution  flows  faster,  and  serum 
flows  less  swiftlj,  than  pure  water;  alcohol  added  to  serum  retards  its 
movement,  while  if  nitrattt  of  potash  solution  be  added  to  the  mixture, 
the  serum  recovers  its  usual  velocity. 

These  eiperiments  made  with  glaaa  tubes,  were  repeated  on  the  bodies  of  ani- 
mala  recently  killed,  by  injecting  the  various  fluids  into  the  prineipal  arteries. 
The  reaulta  were  foand  to  accord,  lending  U>  prove  that  the  cironlation  of  blood 
and  other  fluids  in  the  arteries  and  reins  of  living  bodies,  ia  subject  to  the  Eame 

244,  Osmose,  Exosmose,  Endoamose.- — Osmose  is  the  transmis- 
sion of  liquids  into  each  other  through  the  pores  of  an  interposed 
medium  which  ordinarily  offers  more  resistance  b)  the  passage  of  one 
of  the  liquids  than  of  the  other. 

When  a  membranous  sao,  or  a  vessel  filled  with  a  fluid,  and  closed 
by  a  membrane,  is  plunged  into  another  liquid  capable  of  raising  with 
the  first,  two  currents  are  established  through  the  membranous  partition. 
The  current  from  within  outwards  is  called  exosmose  [from  ejoj  out> 
wards,  and  lot/io^  impulsion),  and  the  current  from  without  inwards  ia 
called  etidosmose  (from  ^v3<tv  inwards,  and  (og/iij';). 
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lore  f^eneral  term  osmose  haa  been  substitqteil  bj  Grabar 
pnrrelative  terms  just  defined,  as  being  a  better  expressio 


erned. 


a  of  oamosB  are  closely  allied  to  (hofa  of  capillarity.  They 
bive  been  very  accurately  studied,  particularly  by  Dntrochet,  nho  brought 
forward  liis  researches  in  1827,  and  more  recently  by  Frof.  Oraham. 

245.  Endosmometer. — The  existence  and  rapidit;  of  these  currents 
Is  ascertained  by  the  endosmomeUr,  an  instrument  which  may  be  thus 
conBtructed,  To  a,  membranous  pouch  or  bladder  is  fitted,  hermetieallj, 
a  ghiss  tube  as  in  flg.  198. 

The  jar  or  bladder,  and  part  of  the  tube,  ia  filled  with  a  dense  liquid, 
as  a  strong  solution  of  gum  or  sugar,  and  igg 

placed  in  a  tall  cylindrical  jar,  which  ia 
then  mled  witb  distilled  water,  until  it 
stands  exactly  at  the  level  of  the  fluid  in 
the  tube.  For  very  exact  experiments, 
this  level  is  constantly  maintained  by  the 
addition  to,  or  tbe  removal  of  the  water 
in  the  outer  jar.  After  a  time,  gum  will 
be  found  in  the  outer  ressel,  a  current 
from  without,  inwards,  also  taking  place. 

If  wo  wish  to  determine  more  aoeurately  tbe 
actual  as  well  as  the  comparative  flow  of  dif- 
ferent liquids,  we  may  use  an  apparatus  eon- 
structed  as  follows  : — Orer  the  open  mouth  of 
a  bell  jar,  of  a  few  ounces  capacity,  is  placed 
a  plate  of  perforated  sine,  to  support  firmly  a 
piece  of  fresh  oi-bladder,  which  is  securely 
tied  over  it    To  the  apper  aperture  ie  attached 

city  of  whose  interior  bears  a  oertun  definite 
relation,  ae  Tj«th,  to  that  of  the  lowt 
ingof  thel 


n.  {S-9i 


u.)in 


IS  the 


(0-1)3937  in.)  thickness  over  the  whole  surface,  ~ — 

246.  Neceasarj  c on ditionB.— According  to  M  Dutrochet,  m  order 
BucceasfuUy  to  produce  tbe  phenomena  of  endosmose,  it  is  neceaaary ; — 

Ist.  That  the  liquids  be  misceptibk  of  mixing. 

2d.   That  they  are  of  different  densities. 

3d.  That  the  membrane  or  waU  {septum]  which  separates  them  is  per- 
meable to  one  or  both  liquids. 

Materials  for  septum. — All  tbin  animal  and  vegetable  membranes 
thin  plates  of  burnt  clay,  slate,  marble,  pipe-clay,  &c.,  produce  endoH- 
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motio  effects  in  &  more  or  less  notable  degree.  Of  inorgaaic  materials, 
those  wliicli  contain  moBt  silicic  acid  are  less  permeable.  A  chemical 
action  on  the  materials  of  the  septum,  invariably  takes  place  (except- 
ing with  alcohol  and  cane-sugar  solutions),  whether  it  ia  formed  of 
bladder  or  of  earthenware.  Where  the  partition  ia  not  susceptible  of 
being  acted  upon,  the  endosmotio  action  is  very  alight. 

247.  Direction  of  the  cunent.— The  endoamotio  current  is  in 
general  directed  towarda  the  more  dense  liquid,  but  alcohol  and  ether 
ajo  ezceptioDS ;  they  acting  as  denser  liquids,  although  lighter  than 
water  ;  so  also  as  acids  are  more  or  less  diluted,  there  is  cndcsmose 
towards  the  acid  or  towards  the  water.  The  eicesa  in  the  quantity  of 
the  liquid  which  passes  into  the  endoemometer,  is  proportional  to  the  sur- 
face of  the  membrane,  and  to  the  different  heights  to  which  the  liquids 
mount  in  capillary  spaces,  the  elevation  taking  place  from  that  side  of 
the  liquid  which  has  least  capillary  action. 

248.  Organic  solutions.- — Neutral  organic  substances,  such  as 
gum-arabic,  urea,  and  gelafioe,  produce  but  little  endosmotic  action. 
Of  ali  vegetable  substances,  sugar  solution ;  and  albumen  among 
animal  bodies ;  are  those  which,  with  equal  density,  possess  the 
greatest  power  of  endosmose.  The  figures  attached  to  the  following 
substances,  indicate  the  proportional  height  to  which  the  liquids  rose 
when  the  endosmometer,  being  filled  successively  with  solutions  of 
tbetn,  of  the  aame  density,  was  placed  in  pure  water :  gelatine  3,  guui 
5,  sugar  11,  albumen  12. 

249.  Inorganic  aolutiona. — Neutral  salts  do  not  posseas  any  pecu- 
liar power  of  endosmose,  but  diffuse  themselves  with  nearly  the  same 
rapidity  as  if  no  porous  partition  was  used.  Alkaline  solutions  greatly 
accelerate  endosmose.  This  may  be  observed,  even  in  solutions  which 
contain  but  1  part  of  the  alkaline  salt  in  lOOO  of  water.  In  mode- 
rately dilute  solutions  (containing  not  more  than  2  per  cent,  of  the  salt) 
the  action  is  most  rapid. 

The  soluble  salts  in  the  soil  are  taken  up  by  the  rootlets  of  plants  by 
the  combined  action  of  capillarity  and  endosmose ;  the  salts  entering 
the  plant  more  rapidly  than  the  water  which  holds  them  in  solution. 

250.  EndosmoBe  of  gases. — There  is  endosmose  between  ga^es,  as 
between  liquids ;  if  we  connect  two  vessels  containing  different  gases, 
having  a  dry  membrane  between  them,  the  gases  will  gradually  mix, 
equal  currents  being  established  in  both ;  but  if  the  membrane  is  moist, 
unequal  currents  (that  is,  endosmoae)  are  formed.  Thus,  a  soap  bubble 
placed  in  a  jar  of  carbonic  acid,  will,  in  a  little  time,  burat,  owing  to 
the  increase  of  volume  caused  by  endosmose. 

251.  Theories  of  endosmoae.— Many  fhcoriea  have  been  propoaad  to 
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Problems  on  Hydrodynamics. 
Elasticity  of  Liquids. 

[o  foot  of  H-ater  at  the  froeiing  point  is  submitted 


of  thl 

icondenaed  liquid? 

94. 

What  ia  the  specifio  gravity  o 

'stcr  at  tbe  depth 

lea, 

recko 

nine  the  apeciflc  gravity  at  th 

m   I  028,  and  the 

sihil 

ity 

O-OflOl 

US8,  and  allowing  a  column  i 

■t  fresh 

water  33  feet  high  to  eq^ 

lal 

tbe 

presai 

95. 

How  mueh  would  the  volume  ol 

■aoubio 

foot  of  alcohol,  at 

45" Fahi 

enh 

cit, 

be  diminiahed  by  a  pressure  of  four  a 

tmosphi 

;res? 

Hydrostatic  Pressure. 

9fi. 

lu  the  tydrostatic  press,  given 

the  dim 

noters  of  tbe  two 

cylindera 

Ai 

ind 

B,  au 

d  the  force  applied  to  the  pump 

P:  dete 

rmine  the  preasure 

produce. 

1. 

lu  the  hydrostatic  press,  auppi 

130  the  diameter  of  the  am 

aller  cyli 

ndei 

beli 

nch,  and  the  diameter  of  the  lat 

ger  ejli 

Qdcrtobe  l&incbc 

■.e,  the  lei 

■gth 

of 

the  pump-handle  to  be  3  feet  from  thi 

>  fulctui 

n,  and  tbe  diataoce 

■  of  the  p 

n2 

iDohea  from  tbe  fulcrum,  the  IsTer  be 

of  the  second  ord 

er:  what 

is 

telati 

on  of  the  pressure  esetted  fo  tbi 
A  cubical  vessel  is  filled  with  fl 

!  power 

employed? 

a  upon  ti 

des 

andl 

uid:  coi 

mparc  the  pressure 

,ea, 

99, 

A  slender  rod  is  immersed  ver 

tlcally  i: 

0  a  fluid:  divide  i( 

:  into  thr 

tions 

which  shall  be  equaHy  preaaed. 

100 

1.  Compare  the  pressures  on  two 

equal  ii 

ioaccloa  triangles  J 

ust  immersed 

lin 

the  same  fluid,  one  with  its  base  upwards,  the  other  with  the  base  dowawarda, 

101.  A  uylindricia  vessel  is  filled  with  a  heavy  fluid:  what  proportion  does 
the  pressure  on  the  cylindrical  surface  bear  to  tbe  entire  weight  of  the  fluid  ? 

102.  If  tbe  tube,  T,  of  the  watcr-bcllowa,  fig.  144,  is  10  feet  high,  and  the 
snifaoe  of  the  bellows,  B  C,  is  13  inohea  in  diameter,  what  weight  Hill  be  sus- 
tainod  when  the  tube  is  filled  with  water  ?  and  what  when  the  tube  is  filled  with 

103.  the  aides  of  a  hollow  pyramid  are  iaoaceles  triangles,  tbe  base  is  a 
rectangle  having  aides  a  and  6,  and  ttie  height  of  tbe  pyramid  is  r.  If  the 
pyroraid  he  placed  with  its  base  on  a  horiiontal  plane,  and  filled  with  water, 
how  does  the  whole  amount  of  pressure  oq  tbe  four  sides  compare  with  the 
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105.  What  height  must  a  column  of  mercury  tave  to  balance  a  oo^iimn  ol 

106.  If  a  vessel  of  waUtr  commaukatea  with  a  vessel  of  etlier,  standing  at  ■ 
height  of  20  inches,  at  whut  elevation  will  tlie  water  stand? 

Baoyaacy  of  Liquids. 

betha  weight  of  a  stoue(<S'j).(7r.=:z  2-5)  which  he  could  just  raise  under  water7 
lOS.  If  a  given  piece  of  silver  be  balanced  by  i^^  weight  of  iron  in  air,  what 
addition  musC  be  made  U>  tbe  iron  so  that  the  iron  and  silver  may  be  in  equili- 
brium when  immersed  in  water? 

109.  How  much  will  12  ounces  of  gold  weigh  wlien  mmersed  it  alcohol  {Sp 
(?r.  =  0-793)? 

110.  If  an  alloy  of  gold  and  silver,  "■cighing  22  ounces  in  air,  loses  IJ  ounces 
whon  woighed  in  water,  how  much  of  the  alloy  is  gold,  and  how  much  silver? 

111.  To  avoid  imposition  in  the  purchase  of  lead  (due  to  the  fraudulent  intro- 
duolion  of  pigs  of  iron  encased  in  lead],  the  Russian  government  are  in  the 
habit  of  weighing  the  load  offered  for  sale  with  weights  of  lead,  on  a  balaJice  go 
arranged  that  both  pans  can  bo  immersed  in  water  after  they  are  brought  to 
Bquilibriam.  If  the  equilibrium  remains  nndietnrbed,  the  lead  is  pote.  Other- 
wise its  degree  of  adulteration  can  be  ealculated.  Suppose,  by  the  above  test, 
that  ISAO  lbs.  of  eommercial  lend  is  found  to  be  adulterated  to  sneh  a  degree  as 
to  require  the  addition  of  10  lbs.  of  lead  weights  nndcr  water  to  produce  equi- 
librium, what  is  the  amount  of  iron  encased  in  the  commercial  lead  (i'ji.  Qr.  of 
lead  =  11-45 ;  of  cast  iron  =  7'64)  ? 

Floating  Bodies. 

112.  Snpposing  the  specific  gravity  of  a  man,  of  walor,  and  of  cork,  to  be 
1-12,  1,  and  0'24  respectivel 
weigliing  ISO  lbs.,  that  he  n 

113.  A  cylinder,  whose  Ic 
gravity  of  0-83,  floats  in  wf 

114.  ITbat  is  the  bulk  o! 
Just  Boats  in  water? 

115.  How  much  bulk  must  a  hollow  vessel  of  iron  oceupy,  weighing  jne  ton, 
that  it  may  float  with  only  one-half  its  bulk  immersed  in  water  ? 

116.  A  ship  entering  a  river  ttom  the  ocean  sinks  2  inches,  and  after  dis- 
charging 12,000  lbs.  of  cargo  rises  one  inch  ;  what  is  the  weight  of  the  ship  and 
cargo,  reckoning  the  specific  gravity  of  sea  water  102B  7 

117.  A  life-boat  contains  100  cubic  ynj-da  of  wwd  (Sp.  Gr.  =  0  8),  and  60 
cubic  yards  of  air  (Sp.  Or.  =  0-0012).  Wlien  filled  with  fresh  water,  what 
weight  of  iron  ballast  {Sp.  Or.  =  7'645)  must  be  thrown  into  it  before  it  will 
■ink? 

118.  A  psrallelopiped  of  ice  whose  dimensions  are  15-75  yards,  20-45  yards, 

nt  sea  woler  is  1-026,  and  that  of  ice  0-93.    Required  the  height  of  the  ice  above 
the  suiface  of  the  water. 

119.  When  two  persons,  A  and  B,  descend  together  to  the  bottom  of  a  loke  ii, 
a  cylindrical  diving-bell,  it  is  observed  that  the  water  stands  1  inch  lower  within 
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tk-«  of  tbe  -nater  within  it,  »t  tbe  bottom  of  the  la^e,  is  20  feet  below  tbe  lurfare 
01   the  lake;  Gad  the  valiime  of  B. 

120.  A  piece  of  Slut  giaaj  weighs  ia  sir  4320  grains,  and  in  vatei  it  vieigha 
3(  3i  grains :  what  ia  ita  specific  grayity  ? 

121.  Deiermine  the  specifiB  gravity  of  granulated  tin  trom  tbe  following  data  - 
Weight  of  bottle  filled  with  water  at  60°  F.,  .    i4-378  grammej. 

"         "   tin, 9-431         " 

"   bottle  tin  and  water,       ....     62'515 

122.  The  same  specific  gfavity  bottle  used  in  the  last  eiample  ia  supplied  with 
T'432  grammes  of  powdered  glass.  The  weight  of  bottle  water  and  powdered 
glass  is  il9-SS9  grammes,  what  ia  the  specific  gravity  of  the  powdered  glass  P 

123.  A  body  weighs  14  Iba.  in  air,  and  9  lbs.  in  water ;  aDOther  body  weighs 
81  lbs.  in  air,  and  T  lbs.  in  water :  what  are  Ibeir  respectito  specific  grarities, 
and  how  do  they  compare  with  each  other  ? 

S-in  grammes  to  siuk  it  to  zero,  and  10'ZJl  grammes  when  tbe  same  piece  of 
brass  is  on  the  lower  pan ;  what  is  tie  specific  gravity  of  the  brass  ? 

12S.  A  Fahrenheit's  hydrometer  weighs  TOO  grains— to  sink  it  in  water  300 
grains  are  requisite  (volnme  of  water  ^  to  volume  of  hydrometer  =  1000 
grains),  placed  in  alcohol  1S2  grains  are  required  to  bring  it  to  leru  <S32  grains 
—  volnme  of  alcohol  —  volume  of  hydrometer).  What  ia  tbe  specific  gravity 
of  tbe  alcohol  7 

Motion  of  Liquids. 

12fl.  What  volume  of  water  will  flow  from  an  orifice  2i  inches  in  diameter,  in 
7  seconds,  if  the  centre  of  the  orifice  ia  10  feet  below  the  surface  of  the  fluid  ? 

127.  A  vessel  20  feet  deep  is  raised  S  feet  above  a  plane :  bow  far  will  a  jet 
reach  issuing  5  feet  from  the  bottom  ? 

128.  A  jet  of  water  issuing  from  a  vessel,  3  feet  bolow  the  surface,  and  aa 
equal  distance  above  the  borizonla!  plane  on  which  it  falls,  is  seen  to  have  s 
horiiontal  range  of  2'3  feet;  how  does  the  velocity  of  dlaabarge  compare  with 
the  theoretical  velocity? 

129.  A  jet  of  water  issnea  fVom  a  cylindrical  adjutage  2  inches  in  diameter, 
Oi  inches  long,  with  a  head  of  10  feet.     What  amount  of  water  is  discharged 

130.  What  quantity  of  water  will  be  discharged  per  day  throagh  a  tube  one 
inch  in  diameter  and  19  feet  long,  under  the  pressure  of  21  feet  head  ? 

131.  If  a  fire-engine  discharges  16-8  cubic  feet  of  water  throagh  a  i  inch 
pipe  in  one  minute,  how  high  will  the  water  be  projected,  tbe  pipe  being  directed 
vertically  ? 

Capillarity. 

132  What  will  be  the  diflerence  of  level  in  a  glass  tube  jlj  inch  diameter, 
bent  in  iKt  form  of  the  letter  U,  when  one  branch  is  filled  with  mercury  and  the 
uther  branch  with  alcohol  ? 

133.  A  block  of  marble  10  feet  long  and  2  feet  thick  (the  tenacity  of  marble 
being  3000  lbs.  to  the  square  inch),  ia  burst  asunder  by  the  capillary  attraction 
of  a  scries  of  wooden  plugs.  The  series  of  plugs  being  8  inches  apart,  1  inch 
in  diameter,  and  5  inches  long,  the  plugs  are  driven  dry,  and  afterwards 
allowed  to  ahiorb  water  by  capillarity.  What  height  would  be  required  for  s 
aeriea  of  columns  of  water,  acting  upon  tbe  orifices  where  the  plugs  are  insert*!, 
to  produce  a  similar  rupture  of  the  marble? 
'iO 
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CHAPTER  IV. 

OF  ELASTIC  FLUIDS,  OR  G. 
Fneumatice. 


252.  Definitions. — Pneumatics  —  Gaaea,  vapors, — tension. — 
Fneumatica  (from  Ilveuna,  a  spirit  or  breath,)  is  a  subdivision  of  the 
general  subject  of  Hydrodynnmica  (186),  and  is  devoted  to  the  ecnald- 
eration  of  the  properties  of  dastic  jhiida. 

Gases  ars  elastic  fluids,  aeriform,  transparent,  and  usually  oolorloss 
and  invisible.  The  blue  color  of  the  air  is  due  to  watery  vapor  in  the 
atmosphere.  In  gases,  the  molecular  force  of  repulsion  (146)  prevails 
over  the  force  of  attraction — and  in  the  permanent  gases  this  force  bas 


Fajwra  differ  from  gaaes  chiefly  in  that  they  are  produced  by  the 
action  of  heat  upon  liquids — as  steam  is  produced  from  water ;  and  by 
thpir  returning  again  to  the  liquid  state  at  ordinary  temperatures  by 
the  loss  of  heat. 

Tension  is  an  expression  for  the  tendency  of  a  gas  to  expand ;  the 
degree  of  expansive  force  in  each  gas  being  specific  and  varied  by  tem- 
perature, and  mechanical  means. 

Oanet,  simple  ar  componnrf.— Of  the  thirtj-fonr  gaseous  bodies  known  In 
ohemistrj.  four  nnlj  ttro  simple  or  elementary,  ta. :  usygcn,  nitrogen,  hydrogen, 
and  cblorinn.  The  three  flrat  named  of  these  gases,  together  with  the  compound 
gases,  oijd  of  carbon  (CO)  and  the  binoxjd  of  nitrogen  {NO,),  are  the  only 
auriform  bodies  which  have  thus  far  resisted  the  united  efieola  of  cold  and  pres- 
sure,  and  permanently  retained  their  eoscous  stale.      Henee  they  are  ealled 

All  other  gasea,  whether  simple  or  compound,  have,  by  the  means  named, 

263.  Ezpanston  of  gases. — Expansion  is  the  most  characteristic 
property  of  gases.  This  molecular  force,  for  all  that  appears,  would 
Beparate  the  particles  of  a  gas  indefinitely  through  all  space,  were  there 

Under  normal  conditions,  the  atmosphere  is  in  a  state  of  equilibrium 
between  the  earth's  attraction  and  its  own  expansive  force.     If  m 


db,  Google 


OF   OASES. 


disturb  this  condition  of  equilibrium  we  oee  evideace  of  the 

of  the  power  of  espaasion.     In  fig  199 

199,  It  muist  bladder,  parti;  tilled  with 

air,  13  subjected  to  a  partial  i 

under  the  uir  bell      As  the  pressure 

in  the  bell  is  dimiLished  bj  working 

the  avr  pump,  the  portion  of  confined 

air  expand'^,  and  distends  the  Saccid 

bladder  until  it  filU  the  jar 

a^  the  equilibrium  of  pre^ou 

sWrcd   by  opening   s 

with  the   external    n 

again  to  its  original  dimensions. 

It  appears  therefore  that  gabies  like  j 
liquids   are  in  a  state  of  equUibrn 
(he  only  difference  in  tl  e  c  nditions 
of  equilibrium  l"eing  that  in  liqu  d 
this   state   results   from   the   opf  b  te 
effects  of  the  two  molecular  f  reea    nl  ile  in  f  force 

IS  held  in  control  by  gravity,  or  some  extraneoua  lurce. 

254.  Mechanical  condition  of  eases. — Perfect  freedom  of  motion 
among  their  particles,  as  a  consequence  of  equibbrium,  brings  gases 
under  the  general  deflnitirn  o'  fluids  Beinw  also  elastic  ponderable, 
and  impenetrab  e  (14)  t  f  lows  that  all  the  chamcte  st  properties 
of  liquids  aire  dj  d  u  ed  apply  asotogie  Ano  pher  c  air  is 
the  type  of  pern  anent  gases  For  ts  1  em  al  cons  t  on  eferenoe 
is  made  h>  ohem  stry 
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255.  Gases  transmit  pressaie  equally  in  all  d  lect  oi 
theorem  of  Pascal   alread     I  n    n  trat  d   v   h  re  pect      liq 
ia  also  tr  e    f  gases 

Suppose  the  vessel,  fig.  200,  to  be  filled  witl 
air  in  the  usual  stat«  of  tension.     By  its  elas 
ticity  it  exerts  an  equal  pressure  in  all  direc 
lions ;   and   by   the   reasoning   in  J  189,  the 
pressure  it  eiorta  on  the  pistons  a,  b,  i 
in   proportion  to  their  ares 
true  of  any  part  of  the  inner  surface  o 
vessel,  or  of  any  section  of  it 

If  the  air  within  and  without  the  vessel  has  the  same  tension,  then 
the  pistons  have  no  tendency  to  move,  the  inner  and  outer  pressures 
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eiaotly  balancing  each  olher.  Any  pressure  applied  upon  either  of 
the  pistons  deTelops  nn  increase  of  elastic  force  in  the  gnseous  contents 
of  the  vessel,  proportioned  to  the  amount  of  compression.  This  pres- 
sure reacts  on  every  portion  of  the  inner  surface  of  the  vessel,  and  moves 
each  of  the  other  pistons  outwards  with  a  force  proportioned  to  its  area, 
insmiasiou  of  pressure  in  gasea  and  liquid' 
icitj,  tbe  effects  of  pressure  are  not  fell  al 
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250.  The  atmosphere.— 7i!s  general  phenomena.— A.  vast  aerial 
ocean  resta  ui.jn  the  surface  of  the  earth,  penetrates  even  its  solid 
crust,  and  is  dissolved,  to  a  certain  extent,  in  its  waters.  It  is  composed 
of  the  two  incoereible  gases,  nitrogen  and  oxygen,  iu  the  proportion  of 
nearly  four  pftrts  of  the  first,  to  one  part  of  the  second,  by  measure. 
It  is  held  in  its  place  by  the  force  of  gravitation,  which,  counteracting 
the  molecular  force  of  repulsion,  brings  it  to  equilibrium  at  about  forty- 
five  miles  above  the  earth.  This  height  of  the  atmosphere  hfts  been 
determined  chiefly  from  the  phenomena  of  refraction,  as  observed  in 
ita  effect  on  the  rising  and  setting  of  the  heavenly  bodies. 

It  IB  the  opinion  of  Bunaen  and  othera  that  the  atmosphere  eitenda  to  ft  dja- 
tanoe  of  ahont  200  miles,  although  its  denaitj,  nhove  4S  miles,  is  tflo  email  tn 
refract  light  to  such  a  degree  as  to  onBhle  ua  to  ohaerve  it.  Many  pneumBtio 
Biperimenta  are  thought  alao  to  indicate  an  altitude  of  the  atmosphere  exoecdinK 
4S  miles. 

The  atmosphere  partakes  of  the  motion  of  the  earth,  but  its  state  of 

rest,  with  respect  to  bodies  on  the  earth's  surface,  is  disturbed  by  winds 

and  currents,  caused  by  agencies  to  be  eonaldered  hereafter. 

Like  the  ocean,  the  upper  surface  of  the  atmosphere  must,  theoretically, 

have  a  definite  surface,  since  each  particle  is  influenced  by  gravity  in 

B  similai  manner,  and  the  resultant  direction  of  these  actions  at  any 

point  must  be  a  radius  of  the  earth  (199). 
It  follows  from  5  191,  that        h  molet 

level,  the  pressure  due  to  the  w     ht   f 

extending  vertieallj  from  the  p      t    h 

atmosphere.     Therefore  its  upw    d  p 

Bides  of  any  vessel  (193),  and    ts  h     y 

govemed  by  the  same  laws  a    th  1 


le  of  air 
t      ou 

eserta,  a 
8  line  of  n 
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M   the 

outer  lim 

its  of  the 

(192),  its  pressure  on  the 
y  (205),  are  the  same,  and 
dy    nunciated  for  liquids; 
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provided  always  that  there  Is  a  oomraunication,  however  small,  between 
the  outer  air  and  the  interior  of  any  given  vessel. 

257.  Atmospheric  pressnie. — The  great  weight,  and  conseqnent 
pressure  of  the  atmosphere  npon  bodies  near  the  surfaee  of  the  earth, 
was  unsuspected  bj  mankind  in  general,  until  TorrioelH,  in  1643,  first 
announced  if. 

As  it  is  exerted,  in  ohedionoe  l*>  the  laws  of  fluid  equilibrium  (199), 
al'ke  above,  below,  and  on  the  sides  of  all  bodies,  a  man  of  usual  size 
mives  about  unconsoioiia  that  ho  sustains  a  constant  load  of  over  30,000 
pounds,  or  more  than  fifteen  tons.  If  this  pressure  is  partially  re- 
moved from  one  surface  of  a  body,  its  eiistence  then  becomes  very 
manifest. 


Tliis  aiperimant  demooalratei  the  downward  pressure  of  tlia  atroQsphere  on'j. 
lis  vpiDard  pressure  is  illustrated  by  the  apparatus  seen  in  fig.  202. 
A  glass  ]8(  having  an  open  bottom,  and  snstained  on  a  triijoij,  is  covered  bj 

through  the  upper  opening,  the  yielding  bag  rises  and  cairies  nith  it  tha 
weight  which  is  hung  below.  This  heavy  mass  is  sustained  in  mid  nir  aa  on  an 
elastic  spring  by  tba  upward  prcfisure. 

The  upward  pressure  of  the  air  ma;  also  be  tUnBtrated  by  a  familiar  STperl- 
meit  with  a  tumbler.  FUl  a  tumbler  with  water,  and  lay  over  it  a  piece  at 
paper,^ — bold  the  paper  in  its  place  by  laying  upon  it  a  board  or  the  palm  of  the 
hand, — turn  the  tumbler  bottom  upwards,  and  remoTO  the  band  or  board,  tba 
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npirard  pieaaura  of  the  atinosphcre  will  thoD  refsin  the  paper  in  iu  place,  closing 
the  tumbler,  imd  pteventing  the  discharge  of  the  water. 

The  pressure  of  the  air  from  all  sides  ia  shuwii  by  the  well-known 
Magdeburg  hemispheres.  203 
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258.  Buoyancy  of  air. — Bodies  weighed 
in  air  are  swslained  or  buoyed  up  by  a  force 
equal  to  (he  weight  of  the  volume  of  air  dis~ 
placed,  in  accordaDce  with  the  Archimedean 
principle  (205). 

This  law  ia  well  iilustrated  by  fJie  apja 
ratus  seen   in  fig.  204.     A  hollow   globe  of 

by  a  brass  weight  at  the  other  end.     Placed 

on  the  plate  of  an  air-pump,  and  covered  !  v  ■> 

a  heil-glaas,  the  air   may  bo  removed  fr  n 

contact  with   the   two  masses  previously  in    '^~^^ 

equilibrium ;  and,  in  proportion  as  the  vai.uuni 

is   produced,  the   globe  begins  h>  prej  on  ierate  by  a  f  a     u  n  h 

greater  than  the  action  of  gravity  upon  the  counterpoise         h    Vi     ^ht 

of  ita  own  volume  of  air  is  greater  than  that  of  the  counts  p     e 

The  brass  and  platinum  weights  used  in  delicate  deter  n  n  b  of 

weight  are  standards  only  when  in  vacuum.    Let  us  then  represen     he 
various  values  as  follows  ; — 


»"  =  weight  of  the  body  in  air  as  eei 
weight  of  the  standard  weights  thema 
7-  ~  volume  of  the  standard  weights  i 
7  =  volume  of  the  body  in  cubic  inch 
-,  =  weight  of  one  cnbio  inch  of  air  a 
W  =  weight  of  the  body  in  a  vacunm- 


:ted  b;  at 


ndard  weights,  ai 


re  wish  to  find. 
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aasil  J  deduce  the  following  values  r — 

aj  of  air  on  the  weights. 

■y  of  air  on  the  body. 

tual  nciglit  of  etnndard  nelglits  ia  nil. 

isl  weight  of  body  in  air. 

eights  just  haluDoe  each  other,  we  have, 


t(j(F— F),  whiciimual 
r  in  ordot  to  obtain  the 
lame  of  the  bwdy  ia  gro 


reigh   31-074 
in  in  density 


m  penetrable. 


W=  lF  +  w(F— F), 
be  mado  to  the  weight  detormined  hy 
weight  in  a  vacuum,  is  evidently  addi- 
iter  than  the  weights,  and  subtracilvs 
when  those  conditions  are  reversed.    When  the  volnmes  are  cqnRl,  the  correction 

If  a  vessel,  whose  capacity  is  100  cubic  inches,  is  exhausted  of  aii 
Rnd  weighed,  &g.  205,  and  after  GUing  it  with  dry  air  at  the  ordinary 
temperature  and  presBure,  it  is  weighed  again,  it  will  SOS 

be  found  that  its  weight  is  31'074  grains 
first ;  that  is,  100  cubic  inohes  of  air  ■ 
grains.  Air  is  the  standard  of  comparisi 
for  all  gases  and  vapors. 

259.  Impenetrability  of  air. — Air  is 
This  may  be  shown  by  inverting  a  hollo' 
tumbler,  upon  tlie  surface  of  water;  when  pressed 
downward  the  water  will  not  rise  and  fill  the  tumbler, 
because  of  the  impenetrability  of  the  air.  The  dieing- 
bell  depends  on  this  quality  of  air :  it  eoQsists  of  a  large 
bell-shaped  vessel,  sunk  by  means  of  weights  into  the 
sea,  with  its  mouth  downwards.  Notwithstanding  the  open  moutfa, 
and  enormous  pressure  of  the  sea,  the  water  is  excluded  from  the  bell, 
because  of  the  air  contained  within. 

260.  Inertia  of  all.— Wind  is  only  air  in  motion.  If  the  air  had 
no  inertia,  it  would  reqliire  no  force  to  impart  motion  to  it,  nor  could 
it  acquire  momentum.  We  know  that  the  force  encountered  by  a  body 
moving  through  the  air  (that  is,  displacing  the  air),  is  in  proportion  to 
the  surface  exposed,  and  the  velocity  with  which  it  i 

The  sailing  of  ships,  the  direction  of  balloons,  the 
frightful  ravagoa  of  the  tornado,  are  all  familiar  exai 
of  moving  air,  and  consequently  proofs  of  its  inertia 
III. 


ng  {143|. 
find-mill,  and  the 
pies  of  the  powei 


261.  Torricellian 


—Measure  of  atmoaphei 
!  exerted  by  the  atmospherf 
iple  of  Galileo,  in  1643. 


*  Cooke's  Cbem.  Physii 
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If  a  glass  tube,  aB,  fig.  206,  about  3'. 
meccury,  and  then  inverted  in  a  ve&se  I 

column  will  fall  some  distance,  and  aft« 
to  rest  at  «,.  a  height  at  the  level  of  t 
above  the  level,  ac  o^  the  mernurj  in 
The  Bpaoe  «  B,  above  the  mercurj,  i 
complete  vacuum  attainable  bj  meubani 
and  is  called  tbe  Torricellian  vacuum 
having  closed  the  mouth  of  the  tube,  w 
of  the  dish,  vto  shall  find  that  the  we 
column  of  mercury  pressing  against  th 
very  considerable.  When  we  place  the 
Tessel  of  mercury,  we  have  this  same  toi 
the  column  of  mercury  tending  to  flow 
tube,  and  another  force,  the  weight  an 
of  the  atmosphere,  tending  to  push  the  i  p 

in  the  tube.  Tbe  length  of  the  mercuri 
it  is  evident,  is  in  proportion  to  the  a 
pressure,  which  under  ordinary  oircura 
equivalent  to  a  column  of  mercury  thlrt 
height. 

Wb  maj  nc 


inch.     I 


longer  columi 
of  the  colniDi 


rould  bi 


lighter  Chan 


;  D9ed,  tbe  colunn  of  nater  suslsio 

il  column,  or  abont  thirty-four  feel 

262,  Pascal's  ezperimeats. — The  experiment  of  Torricelli  Bxciti 

the  greatest  sensation  throughout  the  soientifio  world,  and  the  explan 

tion  he  gave  of  it  was  generally  rejected. 

Pascal,  who  Bourisbed  at  that  time,  percei 


J  Bet  tl 


11  further 


ascal,  "  it  bo  reallj  the  weight  of  tbe  atmosphere  d 

det  which  we  live. 

pporta  the  column  of  mercury  in  Torricelli's  tube,  w 

shall  find  by  trans- 

in  proportion  as  wo 

below  more  and  more  of  tbe  air,  there  «ill  be  a  less 

colnmn  of  mereury 

an  tnlw  to  the  top  uf 

mountain,  called  the  Pu;-de.Dome,  iu  AuverKue  ( 

enlral  France).     It 
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vas  found  Ihat  the  column  graduall?  diminished  in  height  aj  the  elen^tlun  to 
nhidh  the  iustrumont  was  carried  increased.  Ha  ropeated  this  experiment  at 
Louen  (Prance),  in  1646,  with  a  tube  of  water,  and  found  that  the  column  waa 
austaiaei!  at  a  height  of  about  thirty-four  feet,  or  I3b3  times  greater  than  the 
icight  of  the  column  of  mercury. 

2G3.  Construction  of  barometers. — Barometer  19  the  name  givea 
ki  Torricelli's  tube.  This  iuetrumeat  has  diSerent  forma,  according  to 
the  use  for  which  it  ia  designed.  There  are,  however,  certain  conditions  to 
he  fulfilled  in  the  cOQStruetion  of  barometers,  whatever  may  be  their  form. 

lat.  It  is  necessary  that  the  mercury  be  perfectly  pure  and  free  from 
osyd,  otherwise  it  adheres  to  the  glass ;  agaio,  by  impurities,  its 
density  is  changed,  and  the  height  of  the  column  in  the  barometer  is 
greater  or  loss  than  it  should  be 

2d.  It  is  necessary  that  there  he  a  perfect  vacuum  above  the  surface 
of  the  mercury  in  the  tube ;  for  if  there  bo  a  Uttlo  air,  or  vapor,  aa  of 
water,  the  elasticity  of  these  will  continually  depress  the  mercurial 
column,  preventing  ita  rising  to  the  true  height. 

To  obtain  a  perfect  vaenum,  a  small  portion  of  pure  mercury  ia  boiled  In  U» 
barometer  tube,  and  when  cooled,  another  portion  207 


until  the  1 


le  is  full;  by  this  means  tlie 
eb  adhered  to  the  walla  of  the  ( 
mpletely.    The  boiling  must  no 


<e  formed,  which  will  di 
Iter  ita  density.     The  ■ 


e  quickly;  if  the  mer, 


264.  Apparatus  illuatrating  the  princi- 
ple of  the  barometer. — By  means  of  the  air- 
pump,  and  the  apparatus  fig.  207,  the  princi- 
ple of  the  barometer  is  beautifully  shown. 

The  apparatus  consists  of  a  large  beU-gle 
with  two  syphon  barometer  tubea  attachi  ' 
them,  B,  has  its  eiatcm  witbin  the  bell.     Th< 

muniealag  with  its  inferior  by  the  curved  tube 
When  this  apparatus  is  placed  on  the  air-pump,  t 


<A.    One  of 


llansted  of  air 
u  the' 


ibe  C  I, 


cury  1 


B  falla  i 


proportion,  la  B  we  see  the  el 
iahed  preasura,  aa  on  a  muuntain  or  in  a  balloon ;  in  C  the  presaure  0 
air  uauscB  the  mercury  in  ii  to  rise,  forming  a  gauge  of  the  eihan 
tbs  ah  U  all:ned  to  enter,  the  mKOuiy  in  the  tubes  reauoiBS  ita  foi 
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265  Height  of  the  barometric  column  at  different  elevatioas, 
—The  following  tuble  gives  a  oonipiirntive  view  of  the  height  of  mer- 
cury iu  the  barometer  at  different  elevations  above  the  sea. 

At  the  level  of  the  sea,  the  mercurj  stands  at         30  inches. 

5,000  feet  above    "            "                         "           24-773  " 

10,000     ■'     [height  of  Mt.  ^tna,]                  "             20459  " 

15,000    "     [height  of  Mt.  Blanc,]               "            16'896  " 

3  miles                                                                      16'361  " 

6     '■     [above  the  topoftlie  loftiest  mountain,]   8'923  " 

9     '.                                                                            4-8C6  " 

15     ■■                                                                            1-448  ■' 

2G6.   Cistern  barometer.— The  cistern  barometer  ia 

the  moat  almple  form  of  this  useful  instrument.     It  c  in- 

eista  of  a.  Torricelli's  tube  of  glass,  filled  with  mercury 
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true  height  of  the  barometer. 

Fortin'8  barometer. — This     error 
avoided   in   the   barometer  of  Fortin,  f 
211,  by  means  of  a  cistern  of  peculiar  o<: 
struetion,  shown  in  Sg.  209. 


The  lower  part  is  ef  deer -shin 
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The     s7phon     baro 
meter,  invented  by  Ijay  Lu 

if  two  t  bes    fig    r 
212,  of  the  same  internal  d  n 

,  uDited  by  t 
lary  neulc,  botlt  closed  at  tl  e  r 
upper  estremitJes,  tlie  a  r  ea  r 
ing  the  uistern  througl  a  en  al 
liole  at  0.  The  large  tubp  be  g 
of  the  same  interior  diameter 
the  capillary  action  is  mutually  destroyed  The  cap  Uary  tube  is  made 
small,  so  that  when  we  turn  the  instrument  oier  it  remains  full, 
because  of  its  capillarity.  For  measuring  the  height  of  the  mercury, 
there  are  two  sealas,  B  and  D,  graduated  in  different  directions,  having 
their  common  zero  at  0,  on  a  line  intermediate  between  the  two  mer- 
curial 9  irfaces ;  so  that  by  adding  the  indications  of  these  two  Bcalea, 
we  hav«  the  difference  in  the  level  of  the  mercury  in  the  two  tubes. 
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las  modified  tbe  instrument  a:  represented  in  fig.  213. 
Dhe  long  &rm  A  drawn  out  to  a  point,  enters  inM  and 
3  soldered  to  a  larger  tube,  K,  whioli  ia  attached  to 

mbblea  of  air  evau  paaa  through  the  capillBrJ  tube, 


lained  in  the  top  of  E.     TbesE 


2  8      'WhGQ 


The  apparatus  coneit^ts,  figa.  214  and 
215,  of  a  dial  plate  attached  213 
to  a  syphon  Ijarometer  hav- 
ing a  small  cylindrical  els- 
tern,  upon  whose  surface 
reata  a,  float ;  this  is  at- 
tached to  a  silk  Rtring, 
which  winds  around  a  pul- 
ley, 0,  and  is  terminated 
by  the  counterpoise  P ;  the 
axis  of  the  pulley 
a  needle,  which 
the  face  of  the  dial  piat«. 
When  the  pressure  of  the  a 
in  the  tube  accordingly,  and 
turns  and  moves  the  needle  to  the  words  rain-:— fair — changeable,  &c., 
which  are  designed  to  correspond  to  certain  heights  of  the  merourial 
column. 

269.  Causes  of  error. — In  order  to  obtain  the  true  height  of  the 
mercury  in  a  barometer,  we  must,  after  making  the  observation,  deter- 
mine by  calcalation  the  error  caused  by  capittarily,  and  by  tbe  variations 
of  density,  caused  by  changes  of  temperature. 

CorrecUoa  for  capillarity. — When  the  barometer  tube  ia  of  capil- 
lary diameter,  the  surface  of  the  mercury  in  it  becomes  convex  (233) 
and  the  depression  is  greater  by  sa  much  as  the  tube'is  more  capitlarj, 
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Tor  correcting  this  error,  it  is  necessarj  to  know  the  diameter  of  the 
tube,  and  then  by  means  of  the  table  (238),  ascertain  the  depressio™. 
whic^  mast  always  be  added  to  the  observed  height. 

Correction  for  temperature. — In  all  mercurial  barometers  wo 
must  have  regard  to  the  temperature,  for  as  heat  expands  mercury,  il 
diminishea  its  density,  and  in  oDnaequeiice,  under  the  same  atmospheric 
pressure  the  mercury  would  rise  as  much  higher  as  the  temperature  w.is 
more  elevated.  Consequently  barometric  observations  cannot  be  com- 
pared, unless  diey  were  taken  at  the  same  temperature,  or  are  brought 
by  oalculatiou  to  the  same  standard. 

As  it  is  enarely  arbitrary  what  temperature  shall  be  chosen;  that  of  melting 
Ice  has  generally  been  taken.  A  table  ahowing  the  eipansioD  and  contraction 
of  mercury  at  different  temperatures  may  be  found  in  the  chapter  upon  heat. 
The  metftllio  and  aneroid  barometers  Lave  already  been  described  (163,  164). 

270.  Variations  of  the  barometric  height, — When  we  observe  a 
barometer  during  maoj  days,  we  notice  that  not  only  does  its  height 
vary  from  day  to  day,  but  also  in  the  same  day.  The  amount  of  these 
variations  increases  from  tie  equator  towards  the  poles.  The  greatest 
variations  (eicepting  extraordinary  cases)  are  6  m.  m.  ('2363  in.)  at 
the  equator;  30  m.  m.  (M81  in.)  at  the  tropic  of  cancer;  40  m.  m. 
(1-5748  in.)  in  France,  and  6,0  m.  m.  (2'3622  in.)  25°  from  the  polei-. 
The  greatest  variations  take  place  in  winter. 

The  mean  diai-nal  hf'ghi  is  the  average  of  tuenty-fonr  suecesaiva  observalions 
taken  n-om  hour  (o  hour.  M.  Ramond  has  foaud  the  height  of  the  barometer  at 
noun  to  be  Uie  mean  of  the  day.     The  216 

maaa  moathls  height  is  the  average  of  th 
thirty  mean  daily  heights  of  a  month 
The  mean  annual  heiyht  is  the  average  s 
the  three  hundred  and  eiKty-Uve  ueai 
daily  heights  (]f  a  year. 

At  the  equator  the  mean  annual  heigh 
is  T5S  m.  m.  (29-842  in.)  It  increases 
passing  from  the  equator,  and  attaias  it 
maximum  of  763  m.  m.  (-^0-04  ia.)  betireei 
the  latitudes  of  30°  aad  40°  {  it  decrease 
in  more  elevated  latitudes.  The  oieai 
monthly  height  is  greater  in  ninler  than  ii 

qoent  inoreaKed  density  of  the  atmospbere 

The  Ecalo,  fig.  216,  shows  the  barometii. 

varindons  of  the  different  months.    Equa 

line,_/—rf,  represent  the  duration  of  the  different  monthi-.  and  the  curved  lines  at 
the  raiiatioBs  of  the  mean  from  one  moDlh  to  another.     The  four  curves  rcpra- 
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Bent  the  monthly  meana  a.s  observed  at  CulcutU,  C,  at  Havana,  H;  Ptris,  P, 
and  at  St.  rel^rshurg,  S,  P.  The  differences  of  tlio  curves  rcrrescnl,  with 
great  diatinctuess,  the  differences  of  the  inean  batomelrio  heights.  Calootll 
and  Uavanu,  on  the  siime  latitude,  have,  it  will  be  seen,  very  different  monthlj 

Variations  observed  in  Barometers  are  □£  two  kinds. 

1st.  Aeeideniai  variations,  which  dii  not  offer  any  regularity  in  their 
moveineats,  and  which  depend  on  Beacons,  the  direction  of  the  wiod, 
and  geographical  positJoti. 

2d.  Diurnal  variatwns.—lt  was  about  the  year  1722,  that  the  ho-irly 
variations  of  the  barometer  were  proved  to  talce  place  in  a  regular 
manner.  From  that  time,  many  observers  have  labored  to  determine 
the  extent  and  the  periods  for  the  different  parts  of  the  earth.  Alex. 
Von  Humboldt,  with  others,  has  demonstrated  by  a  long  series  of  very 
accurate  observations  at  the  equator,  that  the  maximum  of  height  cor- 
responds to  9  o'clock  in  the  morning ;  the  barometer  then  falls  to  ita 
minimoQi  at  four,  or  half  past  four  o'clock  in  the  afternoon;  it  then 
riaes,  attitining  a  second  maiimum  about  ten  o'clock  at  night.  These 
movements  are  so  regular,  they  almost  serve  to  mark  the  hours  like  a 
clock,  but  they  are  very  small.  M.  Humboldt  found  that  the  distance 
between  the  highest  point  in  the  morning,  and  the  lowest  point  in  the 
afternoon,  maa  but  two  ra.  m.  In  the  temperate  zones,  these  diurnal 
variations  also  take  place,  but  are  very  difficult  to  ascertain,  because 
of  the  accidental  variations  so  that  it  requires  eitended  and  very  accu- 
rate observations  in  order  to  determine  them  The  hours  of  the  mast- 
mum  and  minimum  of  the  dmtnal  variations  appear  to  be  nearly  the 
game  in  all  climates  varymg  a  httio  with  the  season.  Thus,  in  winter 
(in  Prance),  the  maximum  is  at  nine  o  tbck  in  the  morning,  the  mini- 
mum at  three  o'cloi-k  in  the  alterno  n  and  the  second  maximum  at 
nine  o'clock  in  the  evening  In  aummer  the  maximum  takes  place 
before  eight  o'clock  in  the  morning  the  minimum  at  four  o'clock  in 
the  afternoon,  and  the  second  m^Mm^m  at  ei^ht  o'clock  at  night.  In 
spring  and  in  autumn   the  critical  hours  are  mtermediate. 

271.  Relation  between  barometiic  cbanges  and  the  weather. 
—Those  variations  f  th"  birometer  which  are  not  periodic,  are  gene- 
rally supposed  to  be  inditituns  uf  thanges  m  the  weather.  For  it  has 
been  notiued  that  those  days  in  which  the  lolumn  of  mercury  was 
29-72  inches  in  height,  there  was  very  changeable  weather;  that  in  a 
majority  of  those  days  when  the  mercury  rose  above  this  point,  there 
was  fine  weather ;  when  it  fell  below  this  point,  stormy  weather,  snow, 
or  rain,  prevailed.  It  is  from  these  coincidences  between  the  height 
of  the  barometer  and  the  state  of  the  weather,  that  there  is  marked  on 
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the  BCale  or  dial  plate  of  barometers,  at  cer'eia  leighta,  the  words 
stormy,  rain  or  anew,  variable,  fine  weather,  &a.,  and  it  is  supposed 
that  when  the  mercury  stands  at  the  height  indicated  respectively  Ly 
th  w  d  we  should  have  corresponding  weather.  Now,  although 
th  m  y  V  tJriie  to  a  certain  extent,  jet  a  little  reflection  will  show  the 
falla  y  f  uch  indications.  The  height  of  the  mercurial  column  varies 
w  th  th    p    ition  of  the  barometer,  and  consequently  two  baromelers, 

n  d  ff  places,  not  upon  the  same  level,  would  indicate  different 

I    ngo9.    The  changes  of  weather  are  indicated  in  the  barome- 

t  t  bj   the  actual   height  of  the  mercurial  column,  hut   by  its 

I    n  f  I  eight. 

Rules  by  ■wb.lob  coming  chang  ar  Ind  t  d  — II  f  il  w 
ing  rules  may,  to  some  extent,  b       I    d     [        b  t  f  '       ly 

stated,  must  he  taken  with  a  con    1      bl   d  f   11  w 

1.  The  sudden  fall  of  the  mer      j  llj  f  11  w  d  by  h  gh  w    d 

2.  Tho  rising  of  the  mercury  d  g  11  tl  pp  I  f 
fair  weather  ;  the  falling  of  it  sh  wtl       jp        hfflw      1 

3.  In  sultry  weather,   the  fall    g    f  th    m  y      d      1  m 
thunder.     In  winter,  the  rise  of  h                       d      t     f      t      I    f     ty 
weather,  its  fall  indicates  thaw,      d  t             d     t          w 

4.  Whatever  change  of  weath  f  II  dd  I  th 
barometer,  may  be  expected  to  1    t  b  t       h     1 1 

5.  When  the  barometer  alte  Iwl  'g  t  t  ffl 
weather  will  succeed  if  the  col  m  f  11  f  f  w  th  f  th 
column  rises. 

6.  A  fluctuating  and  unsettled  1. 1  th  I  I  m  d 
oates  changeable  weather. 

272.  Msaaure  of  heights  by  th  b  m  — S  th  1  If 
the  mercury  in  the  barometer  fall  w  d     I         th         th   w 

see  that  it  is  possible  to  determi      by  b  t         b  t  hi 

ration  of  a  mountain,  or  of  any     I       pi  b  b  I       th     1      1 

of  the  sea.  If  the  atmosphere  bad  a  uniform  density,  we  could  aster 
tain,  by  a  very  simple  calculation,  the  height  to  which  the  barometer 
was  raised,  from  the  amount  of  the  fall  of  the  mercurial  column  ;  for, 
mercury  being  10,466  times  heavier  than  air,  a  fall  of  one  m.  m. 
(-03937  in.)  of  the  barometric  column,  would  indicate  that  the  column 
of  air  bad  diminished  10,466  m.  m.  {412-054  in.),  and  therefore  the 
height  measured  would  be  10,466  m.  ra.  But  as  the  atmospheric 
pressure  diminishes  very  rapidly  as  we  ascend,  stch  calculations  are 
of  no  value  e?cept  for  small  elevations,  and  it  is  aecessary  to   Jeter- 
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min«  the  rate  of  diminution  in  deositj  of  the  air,  in  propc  tion  as  it  is 
further  removed  from  the  earth.  Tables  have  also  been  constructed  by 
which  we  can  easily  calculate  the  level  between  any  two  places,  when 
we  know  the  height  of  the  barometer,  and  the  temperature  of  the 
atmosphere.* 

The  altitude  of  any  place  above  the  level  of  the  sea  may  also  he  cal- 
culated by  the  following  formula,  given  by  Prof.  Guyot,  in  the  tables 
leferred  to  below ; — 
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I,  ia  thia  formula,  is  the  approximate  value  of  Z,  as  given  b;  that  part  Df  ;he 
formulB  preceding  the  parentbeeis  ia  which  i  is  introduced. 

Heights  may  he  caleulaled  b;  the  above  formula,  but  the  calculation  is  mMcb. 
facilitated  by  the  use  of  the  Smithaoniau  Tables. 

2T3.  Balloons. — Bodies  iq  air  (like  solids  plunged  in  liquids)  lose 
a  part  of  their  weight,  equal  to  the  weight  of  the  air  displaced  From 
this  it  follows,  that  if  a  body  weighs  less  than  an  equal  volume  of  air 
it  will  rise  io  the  atmosphere  until  it  meets  with  air  of  its  own  deusity; 
hence,  heated  air,  smoke,  &:.,  rise,  because  they  are  less  dense  than 

Dr.  Black,  of  Edinburgh,  announced  in  1767,  that  a  light  veasel  filled  with 


*  Quyofs 


lod  Plij-sical  Tables,  Smi 


liau  Colled 


d  by  Google 


ir;  and  Cftvnllo,  In  1T82,  commuaicated  tc  th« 

.rothers  Montgolller,  in  17S2,  first  conatructed 
bailoons.  Tbeee  consisted  of  globea  of  cloth,  lined  with  paper.  The  on;  that 
they  drat  eshibited  publiclj,  was  a  globe  about  thirty  feet  in  diameter,  open  at 
(he  lower  part,  below  which  was  placed  a  Are.  This,  expanding  the  a^r  within 
(he  glohe,  diminished  Ite  density,  and  the  halloon  rose  ;a  a  height  of  nearly  a 
inUe.  Hot-air  halloons  are,  therefore  (in  allusion  to  their  inTent^ra),  usually 
called  MontgolGera.  Balloons  tilled  nitb  hydrogen  were  flrst  iotrodiiced  by  Mr. 
Charles,  professor  of  physics  in  Paris,  in  1TS2  j  and  in  Kovember  of  the  samg 


le  Bosie 


le  the  1 


voyage. 


ur.    The  ascension  took  place  lYom 

Robert,  in  the  garden  of  the  Tailleriea,  repeated  the  same  i 

loon  filled  with  hydrogen  gas.     At  this  epoch,  aerial  voys 

BO  familiariied  were  the  public  with  this  method  of  navigat 
uncommon  for  people  to  ascend  in  a  halloon  vhicb  was  re 
loo  far  by  means  of  a  cord  ;  when  the  aiivcnturers  had  attaii 
the  balloon  was  drawn  down  hy  means  of  the  cord,  and  i 

Gay  Lussae,  September  Ifl,  1301,  made  an  ascent  remai 
with  which  it  enriched  science,  and  for  the  height  which  w 
rOI6  metres,  or  about  23,019  feet.    In  those  elevated  regioni 

rarefaction  of  the  atmosphere;  bis  heart  making  120  pu!E 
while  6S  was  its  normal  rate.  He  also  ceileeted  there  e 
chemical  analysis,  and  determined  the  cold  of  space. 

Construction    and    fill-  217 

ing  of  balloons. — Generally 
the  bftllooQ  la  pear-shaped. 
It  ia  made  of  a  material  imper- 
vious to  hydrogen  gas,  often 
of  Btrlpa  of  taffeta  sewed  to- 
gether, and  covered  with  & 
Tarnish,  composed  of  linseed 
oil  and  caoutehouc,  dissolved 
in  essence  of  turpentine,  or 
of  a  tissue  formed  of  a  liijer 
of  caoutchouc  Interposed  I  e 
tween  two  layers  of  taffeta, 
and  called  mackiniosTi. 

To  fill  tie  balloon.  A,  fie  217 


a.  Charl 


other  voyagers  took 
■kable  for  the  facts 
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easily  than  hjdrogen,  it  is  frequantlj  used  bj  aifrooauts ;  but  beii 
inglj  Inrger  size,  in  order  to  obtain  the  Bami 


m]-letelj  filled,  for  the  atmospliei 
ng  up    a  d'   the  gis   n  the  interior  will  eipaod  in 


o  burat  the  hnll  on     A  number  of  fatal  aocidents  have 
taken  pKoe  fron   th  s  oauie 

When  the  aeronaut  w  shes  to  deocend,  he  pulls  the  eord  which  opens 
the  val  B  a  the  upper  part  f  tl  e  balloon,  and  thus  the  hydrogen 
escapes  and  the  ball  on  mes  down.  If  he  wishes  to  ascend,  he 
throws  ut  bigs  of  sand  wh  oh  he  has  taken  up  with  him,  and  the  bal- 
loon  be  um  ng  thas  1  ghter  r  ses  o  a  correspondingly  greater  height. 

Faracliate  — ^Aeronau  i  ften  abandon  their  balloons,  and  descend 
iD&jarack  fe  T  a  nppwitu>"  s  oompoaed  of  strong  cloth,  and  when 
ezte  ded,  )  as  the  ap|  earance  of  an  umbrella,  Gg.  219,  with  this  differ- 
ence, that  the  whale-bones  are  replaced  by  cords,  sustaining  a  Emal* 
boat,  in  which  the  aSronaul  places  himaelf.  There  is  a  sniall  chininc;. 
or  hole,  in  the  top  of  the  parachute,  in  order  to  allow  the  air.  which 
would  accumulate,  to  escape  regularly,  otherwise  it  would  escape  fitfully 
by  the  sides,  throwing  the  apparatus  violently  around,  to 
peril  of  its  occupants. 


IV. 

274.  Mariotte'a  law, — Bojle  and  Mariol 
the  compression  of  gases,  which  is  is  follows 


I  discovered  the  law  of 
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Al  the  same  ieirtjxralure,  the  volume  occupied  by  Oie  sr.tae  bulk  of  air, 
U  ill  iniKrse  ratio  to  the  premure  which  it  supports.  From  which  it 
fullowe,  dial  the  density  and  tension  of  a  gas  are  propurtioual  to  itie 
pressure. 

Let  V  and  F'  represent  the  volume  of  a  gas  at  different  pressures 
/■and  P',  and  D  and  D'  the  different  deusitLes.     Then 

P  V 

r  ;   V  =  P'  :  P,     whence  V  =  V  j^  and  P'  =  P-^  . 

P'  D' 

D:D'=^P:P',     whence  B'=:D-pr  and  P'  =  P~. 


leQtat  verification  of  Mariotte's  Iia'nr. 
irify  this  law,  tite  apparatus  called  Mariotte's  tube  ii 


Exper 
In  order 
employed.    To  an  upright  support  iif  wood  ia  attached  a  bent  tube,  fig. 
220,  whose  twc  vertical   branches  are  unequal   in 
length.   The  longer  limb  is  open  at  tbe  top,  and  fur- 
nished with  a  scale  which  iudi-  219 
catea  heighta ;  the  shorter  is  closed 
at  the   top,  and  is  divided   iiHn 
parts  of  equal  capacity.   Mercury 
la  poured  into  the  tuba  so  that  the 
level  of  the    liquid  in  the  t«o 
branches   la  found  on   the   '■inx 
horizontal   line,  In      T    t   nir  in 
the  shorter  limb  then  onupie'-a 
definite  volume,  indicated  lij   the 
graduation.     If  more  mercury  is 
idded,  until  the  measured  volume 
of  air  is  reduced  one-half,  as  from 
ten   to  five,   occupying   only   the 
space  above  I',  and  we  now  mea- 
sure the  difference  of  level  between 
the  two  surfaces  of  mercury,  viz. : 
a'  h,  we  shall  find  that  it  is  the 
same  as  the  height  of  the  baro- 
metric column.   That  is,  the  pres- 
sure of  tlie  column  of  mercury  in 
the  Mariotte's  tube  is  equivalent 
to  one   atmosphere ;   adding  tl 
pressure  to  that  which  the   ntt 
sphere  exerts  on  the  mercury   we 
have  the  air  subjected  to  dou!  It,    f  its  uiuil  pn 
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quently,  reduced  in  Tolumc  one-half.  If  we  subject  it  to  a  preaauce  ol 
three  atmospheres  it  will  be  reduced  to  one-third ;  of  four  atmospheres, 
to  one-fourth  of  its  origioal  bulk,  &c,  Bj  tiis  law,  at  a  pressure  of  814 
atmospheres  air  would  become  as  dense  as  water. 

sptiere,  bj  using  a  barometar  tuba,  about  Iwo-lhirda  filled  wiit  morcurj,  and 
inverted  ia  tho  dcop  ciatarn,  fig.  221,  filled  with  marcnry.  Sinhing  the  tube  to 
such  a  depth  that  ihe  level  of  the  mercury  nithin  uid  witbaut  is  tbe  same ;  the 
ooutiuQBd  air  is  under  the  preasnra  of  one  atmosphere,  and  oocupiea  a  known 
Tulume.  If  the  tube  ia  now  raised  until  bir  a  diminution  of  pressure  the  given 
ibled,  it  will  be  found  tbat  the  length  of  tho  mercurial  column 


□  the  tu 


•a  has  doubled  it 


275.  Experiments  of  Despretz. — Mariotte's   law  was   gencraDj 
received  as  correot,  until  Deapretz,  not  doubting  its  correLtness,  so  fer 
as  air  was  concerned,  undertook  to  test  this  law  in  its  application  to 
other  gases.     For  this  purpose  ho  tilled  several   tubes  of  the     222 
eame  height  with  different  gases,  and  inverted  them  in  a  vessel 
of  mercury,  placing  behind  them  »  graduated  scale,  as  shown 
in  fig.  222.     This  apparatus  was  then  introduced   into  a  glaia 
cjlinder  filled  with  water,  and  subjected  to  pressure  by  means 
of  a  forcing-pump. 

As  the  preaaure  increaaed,  the  height  of  the  morourj  in  the 
different  tubea  varied,  as  fliown  in  the  figure,  and  this  variation 
increased  with  the  pressnrt?.  Carbonic  acid,  sulphuretted  hy 
drogen,  ammonia,  and  cyanogen  were  compressed  more  and 
hydrogen  less,  than  common  air.  These  experiments,  in  which 
the  probability  of  error  is  extremely  small,  show  that  eaoh  gas 
has  a  special  law  of  compressibility,  differing  more  or  leas  from  the  law 
announced  by  Mariotte. 


by 


A  series  of  very  aoeurato  experiments, 

different  method,  confirmed  the  results  of  Dcapi 
lequal  compressibility  of  diSerent  gases. 


tly  0 


5  by  Dul, 


w  has  been  suhjee 


2T6.  Ezpeiimenta  of  Regnault.''- 
to  the  test  of  very  careful  and  repeated  e 
otbeis.  But  the  most  complete  and  reliable 
Begoault. 

form  temperature  by  a  atream  of  cold  water  flowing  through  a  cylinder  which 
rounded  the  tube  of  condensed  air  or  othei 


ytra. 


ospheric 


jeiiiUy  n 


■mplojed.     The  t 
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rectad  aooordinglj.     Finally  tho  i 

Hf  onn  weight  waa  alao  considered,  D.ad  every  possible  prccnntion  nas  obEierved 

Results  obtained  by  Regnault. 

The  foUoning  table  gives  some  of  tbe  principal  rcaulta  obtained  by  Regnault. 

Let  P  represent  the  pressure,  when  any  gaa  ooonpiea  a  volume  F,  and  /"  the 

presaore  when  the  volnme  of  the  same  gas  is  V.    If  Mariotte's  law  were  striotlj 


e  should  have  P  T  e. 


■<-P'V,^'-^o»sbtU 


M, 

!33'72    I'OOUl* 
1209-48    1-003765 
817718    1003253 
9338-41    l-00636fl 

P 

>'!■'      i                           PT'      \                    \       fF- 

1-0001)88       761-03    1-007597          "        |        " 
1-002952    3186-13    1-028698    23tM8    0-993SS1 
X0047aS    9351-72    1-045625    2845-18    0-996181 
1-000450     96I9-9?    1-15S865    9176-50    0-992933 

1 

753-46 

S628-S1 
lOflSI-42 

"We  here  see  that  in  the  fuur  gases  examined,  the  ratio  -; —  was  found  very 

nearly  equal  to  unity,  showing  that  though  Mariotte'a  law  ia  not  absolutely  true. 
It  is  auffiuiontly  aeeurato  for  moat  purposes. 

In  tlie  case  of  air,  nitrogen,  and  carbonie  acid,  the  eomp feasibility  augments 
mote  rapidly  than  the  increase  of  pressure,  while  in  tho  case  of  hydrogen  the 

preaaibilitj  for  any  gas  varies  with  the  temperature.  For  eiample,  carbonie 
aoid  at  212°  F.  agrees  almost  eiaetly  with  Mariotte'a  law. 

277.  General  oouclusions  on  the  compreasibilit;  of  gaaes. — 
From  a  careful  consideration  of  all  the  esperiraents  upon  the  conden- 
Hation  of  gases,  it  Beems  reasonable  to  oooolude  that: — 

1st.  There  is  some  temperature,  differing  for  different  gases,  at  which 
the  compressibility  of  gases  corresponds  with  Mariotte's  !aw.  That  at 
higher  temperatures  the  compressibility  diminiahee,  and  at  lower  tem- 
peratures the  compressibility  increases. 

2d.  Almost  all  gases,  by  a  certain  amount  of  pressure,  are  liquefied, 
and  it  ia  found  that  their  compressibility  increases  very  rapidly  near  the 
point  of  liquefaction. 

Although  these  conclusions  are  based  upon  the  analogies  of  science, 
and  apparently  indicated  by  experiments,  yet  further  observations  ara 
raqnired  for  their  confirmation 
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278.  Manometers. — Mftnometers  are  iDstraments  designed  t 
Bare  the  tension  of  gasea  or  vapors  above  the  atmospheric 
pressure.  The  unit  of  nieasuremetit  which  has  been  chosen 
for  these  instruments  is  the  pi'essure  of  the  atmosphere, 
which,  at  the  level  of  the  sea,  is  (261)  equal  to  about  15  Iha 
to  the  square  inch,  and  therefore  a  pressure  of  two  or  of  three 
stiDospheres  signiBea  a  pressure  of  30  Iba.  or  of  45  lbs  , 
Manometers  are  of  very  various  construction,  two  of  which 
will  be  mentioned,  namely: — 

2T9.  1st.  Manometer  with  free  air. — This  consists  of 
a  glass  tube,  BD,  fig.  223,  open  at  both  ends,  placed  in  i 
cistern  of  niereurj,  to  which  it  is  cemented.  The  cistern  is 
connected  with  an  iron  tube  AC.  By  this  tube  the  pressure 
of  the  fluid  is  transmitted  to  the  mercury.  The  gasoa  whose 
tension  we  wish  to  find,  being  often  of  a  temperature  sufB 
oientlj  high  to  melt  the  cement  attached  to  the  apparatun 
the  tube  A  C  in  filled  with  water,  which  receives  the  pros 
sure,  direct,  and  transmits  it  to  the  mercury. 

int,  A  being  224 


open 


loint  V 


iaryte 


■Jl  of  thirty 
bars  2,  3,  Ac,  are  marked,  which  indicate  the 
number  of  atmoBphcres,  for  it  will  be  remembered, 
that  a  eolumn  of  mercury  thirty  inehas  in  haight 
represBnts  the  atmospheric  preaaure.  The  appn- 
ratus  being  placed  in  coanecCion  with  a  steam- 
boiler,  we  Moertain  the  preesure  to  which  it  is 
«ubject«d  by  the  height  to  which  the  mercury 
rises  in  B  D  ;  if  to  2-5,  the  pressure  is  2'B  almo- 
spheres,  or  3ri  lbs.  to  tha  square  inch. 

280.  2d.  Manometer  with  com- 
pieased  alt. — This  form  of  the  instrument 
consists  of  a  glass  tube  filled  with  dry  air, 
placed  in  a  cistern  of  mercury,  to  which  it 
is  cemented.  This  by  a  lateral  tube,  A,  fig. 
224,  communicates  with  the  vessel  contain- 
ing the  eloatiu  fluid  to  be  gauged. 

In  order  to  graduate  the  mauomefer,  suoli  li 

cumisnaicates  with  Che  atmosphere,  the  level  of  the  uicrtii 
tuba  flo  in  the  cistern.  At  this  point,  therefore,  1  is  ma 
Eoliowing  Mariottfi's  law,  it  might  ha  supposed  that  wo 
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(olmnn  of  meroury  raised  ia  the  tube,  and  tt 
nonld  represent  a  pressnre  greater  tban  two 
the  eeoond  mark  ia  at  a  point  a,  little  beloi 
olostic  force  of  the  eompreased  air,  added  ft 


-e  the  I 


n  the  seal 


of  til 


itmospheres.  The  true  poeitiot 
Che  middle  of  the  tube,  where 
the  weight  of  the  column  of  i 

.  i,  &<!.,  atmospheres,  is  delerm 


e  the  T< 


of  ai 


continiiali?  dimioish  in  san,  and  tbercfore,  evco  com 
aure  are  not  easily  observed  in  the  upper  portion. 

Bourdon's  metaUic  barometer,  deaeribed  id  | 
manometer  or  gauge  fiir  steam-boilers.  It  is 
croft's  gauge,  and  is  the  best  instruuieat  in  us( 

[For  the  diffusion,  effusion,  and  trunsmissic 
of  gases  and  liquids,  and  the  absorption  of 
"  Chentiatry."^ 

281.  Bellows.— The  most 
rent  of  air  is  the  ordinary  bel- 
lows, fig.  225,  consisting  of  two 
(sof  wood  united  by  leather, 
and  terminating  in  a  metallic 
tube  (.  A  valve  s  is  placed  ia 
the  lower  leaf,  opening  up- 
wards. 


Ldarable  variatioDB  of  preH- 

163,  is  much  used  as  a 
sometimes  called  Ash- 
for  the  purpose, 
n  of  gases,  the  mixture 

for  producing  a  cur- 
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n  down,  US  aliown  by  the  arrow,  the  valve  S  ol 


and  the 
pressed,  pas! 

tSallj  aacBping  through  the  tube.  With  the  roverae  motion  (accelerated  by  the 
weight  P),  the  vali'es  v  r  close,  and  tbe  ext*riur  air  entera  V  by  the  valve  S. 
Daring  this  time,  the  nppet  weight,  P',  caBBes  C  B  to  descend,  and  thus  there  i« 
oontinually  an  escape  of  air  by  the  hlnat^pipe.  The  weight  may  be  replaced  by 
a  spring. 

282.  Furnace  blowera. — In  blast,  or  high  furnaces,  blowing  ma- 
oliines  are  employed,  by  means  of  which  n.  large  volumo  of  air  is  forced 
into  the  lire  ;  these  machines  are  of  very  various  conatruotion. 

Fig.  227repreBeDteoneofth6Bi!  it  consists  of  a  east  iron  cylinder,  containing 
"     ■  ■  h  tbe  rod,  1,  passes,  air  tight,  through  a  packing.boi,  d  \ 


the  blast  b  u?ed  under  a  presanrc       I 

of  five  pounds  to  the  aquore  in  h  , 

driven   by    two   engines   of  1200  fcl^^T     ^ 
horse  power  ea^h  ^J 


2S3.  Escape  of  compressed  gases — 'When  a  i^jmyrcssLd  ^as 
escape.1  from  an  ojiening  in  a  tliiii  wall  the  lelouty  ol  iti  esinpe 
depends  on  the  difference  of  the  interior  and  exterior  pressures  and 
on  the  density  of  the  ga«  paaaing  out      It  his  been  proved 

1.  Th(st  wilh  the  same  gas  at  the  sume  Umperaluie,  the  rehcity  of  fiovt 
into  a  vaamw.  is  ilii  same  at  any  pressure. 

That  ia,  if  we  had  a  yeascl  filled  with  air,  comprejsed  at  1,  2,  3,  or  lOOB  afmo- 
(pheres,  and  allowed  it  to  escape  by  a  small  orifiee,  the  velocity  of  its  flow  would 
be  the  sume  dntiug  the  whole  time  of  its  discharge.  But  the  quantity  of  tba 
gas  that  could  escape  in  the  same  time  would  vary,  being  evidently  proportional 
to  (he  density  of  the  gaa,  that  is,  to  the  pressure.  If  Ibe  escape  took  pli 
gas,  as  ait,  instead  of  in  a  vacuum,  the  velocity  is  then  prop< 


2.   The  velocily  of  the  escape  of  gases  into  a  vi 
to  the  square  'oot  of  Ihei'  densities. 


the  dif- 
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Where  the  gas  escapes  through  long  tubes  instead  of  through  oiifices  in 
&  thin  wail,  the  velooitj  is  Terj  mueh  diminished,  because  of  the  friction, 
and  is  less  in  proportion  aa  the  tube  is  longer  and  its  diameter  smaller. 

284.  Pneumalie  ink-bottle  —In  the  pneumitio  ink-bottle,  fig. 
228,  the  ink  in  the  tube  c  is  kept  constantly  at  nearly  the  same  level. 
By  inclining   the   bottle  it  may  be  filled  as  238 

seen  in  A.     The  ink  in  A  tends  to  force  itself  ~ 

in  the  tube  0,  but  is  opposed  by  the  atmo- 
spheric pressure,  which  is  mmh  greater  than 
the  pressure  of  the  column  of  ink  in  A  As 
the  ink  in  C  is  consumed,  its  surfaie,  falling, 
will  allow  a  small  bubble  of  air  to  enter  A, 
where  it  will  esert  an  elastic  pressi 
little  higher.  This  effect  will  be  eontmually  repeated  until  the  bottle 
is  emptied  of  ink.  Bird-cage  fountains  are  Lonstruoted  on  a  similar 
principle. 

285.  The  Bypbon, — The  syphon  used  for  decanting  liquids,  depends 
for  its  operation  on  the  principle  of  atmospheric  pressure.  It  consists 
of  a  bent  tube,  &  b',  fig.  229,  having  one  of  its  arm 
It  may  be  filled  by  turning  it  over,  and  pour- 
ing the  liquid  in,  or  by  immersing  the  shorter 
arm  in  a  yesssel  of  water,  and  applying  the 
mouth  at  b' ;  upon  exhausting  the  air,  the 
water  will  be  forced  up  by  atmospheric  pres- 
sure, to  supply  the  place  of  the  air  withdrawn, 
and  there  will  then  be  a  continual  d 
until  the  vessel  is  emptied. 

The  two  hrunchos  being  filled  i 


9  longer  than  the  other. 


in  the  shorter  brai 


;  if  the  oiid  of  this 


It  is  evident  that  water  could  not  be  raised  hy  means  of  a  syphon 
mote  than  thirty-four  feet;  for  a  column  of  water  of  that  height  is  in 
equilibrium  with  the  pressure  of  the  atmosphere  (261).  The  Telocity 
of  the  flow  from  a  syphon  will  be  the  same  as  if  the  liquid  fell  freely 
from  a  height  equal  to  the  distance  between  the  level  of  the  liquid  in 
the  vessel  and  the  end  of  the  long  arm.   To  avoid  the  necessity  of  flllinji 
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a  Ryphon  by  pouring,  the  form  represented  in  fig.  230  is  omplojeil.  To 
use  this  instrument,  the  open  cad,  6',  of  the  longer  limb  is  closed  by  t!ie 
finger,  while  a  partial  vacuum,  created  by  Bucking  at  the  small  asi:endiiig 
tube,  ta,  occasions  the  liquid  to  pass  over  as  in  the  ordinary  syphon. 

Inteimittent  syphon.  Tantalus'  vase. 
Teasel,  A,  toulaining  a  syphon,  of  which  one  of  the 
hotWm  of  the  vessel ;  the  other  ia  curved    When 

not  act  aa  a  a^phou  until  the  veaael  is  filled  t< 
the  height  n,  but  when  it  reaches  that  point 
tbs  water  niJl  flow  through  a  into  the  Ion) 
branch,  filling  it  complctelj,  Mil  the  syrhoi 

the  veaael  is  emptied.  The  sfphun  may  bi 
concealed  in  a  little  image,  fig.  232  B  repn 
Beutiog  Tantalus,  so  that  just  before  tho  wate 
touflheg  his  lipa  tha  syphon  is  filled  and  Ihi 
Teasel  is  emptied. 

2b()  Intermittent  springs  — There  est 
Bpr  age  the  water  flowi  g  regularly  ftr  a 
Leasing  In  these  epr  ngs  the  opening 
RN  at  a  fig  233  con  n  imitates  with  a 
enbternmeftn  cavity  C  1  y  means  of  a 
channel  anb  Trhu,h  has  tl  e  form  of  a 
syphon  This  cavity  is  gradually  filled, 
until  at  last  the  water  attains  the  level 
»m  when  the  siphon  is  filled,  and 
the  water  eatapea      If  the  syphon  dis- 
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be  lowered  to  & ;  air  would  then  rush  in  by  tie  ejphon,  the  flow  of  water 
would  oease,  and  would  not  recommeace  until  it  hii,d  again  attained  tlie 

Intennlttent  fountain. — The  intermitl 
lessel  of  glasa,  C,  fig.  234,  whose  iipertut 
h  liormetically  sealed  by  an  acourately-g 

A  giiijs  tube  A,  passes  tbFough  tbe  vessel  C, 


of  tbe  I 


I  of  w 


Thi 


globo 


ing  pa 


imnll  aperture  for  the  eeci 
vster  escapes  through  the  ca 

When  the  end  of  Ibb  tube  bi 
pen:  (because  tbe  orifice  in  tl 


287.  Air  pump  — 1   e  a  r  [u    p  de    j^ned  to  produc 


fountain  consists 
for  the  admission  of  v 
and  stopper. 


ern, B,  w 


iallj  filled,  tlie 


any  eoniineii  space,  was  iayented  by  Otki  v.  Gnericke,  burgomaster  of 
Magdeburg,  in  1650.     Fig.  235  eshibits  a  lery  excellent  furm  of  thn 
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air-pump,  manufactured  by  Ritchie  of  Boston,  usually  called  tiie  Lvsn* 
form  of  air-pump.  The  essential  piirt  of  the  air-pump  is  the  cylinder 
shown  in  section  in  fig.  236.  This  cylinder  comrnunicates  with  the  hell 
glass,  by  means  of  a  tube,  shown  in  fig.  235,  and  with  the  external  air  by 
means  of  the  tube  g  k  (fig.  236),    Thero  are  three  238 

valves,  a,  b,  and  c,  all  opening  upward.  The 
piston-rod  passes  through  a  pocking  box,  d,  in 
which  it  movea  air-tight,  and  the  power  is  ap- 
plied by  means  of  a  laver,  as  shown  in  fig  23a 
Suppose  the  piston  to  he  standing  at  the  bot- 
tcm  of  the  cylinder,  when  we  depress  the  lever 
the  air  from  the  receiver  expands,  ruihmg 
through  the  valve,  a,  into  the  empty  space 
formed  in  the  bottom  of  the  cylinder  while  the 
^r  above  the  piston  is  forced  out  through  the 
valve  c  and  the  tube  g  h.  With  the  reverse 
motioQ  the  valves  a  and  c  close,  escluding  the 
externa!  air  from  the  cylinder,  and  preventing 
the  return  of  air  from  the  cylinder  to  the  recei 
At  the  same  time  the  piston-valve,  ft,  opens 
allows  the  air  below  the  piston  to  pass  through  mb: 
the  cylinder.  When  the  pislwn  nse?  again  thit 
which  has  passed  above  the  piston  is  fori,ed  out  thiuugh  the  vaKe  e,  into 
the  esternal  atmosphere,  while  another  portion  of  rarefied  air  from  the 
receiver  expands  into  the  cylinder  below  the  piston,  to  pass  upward  and 
he  forced  out  through  the  valve  c  at  the  nest  stroke  of  the  piston  ;  and 
BO  on  continuously,  as  long  as  the  rarefied  air  in  the  receiver  and  cylinder 
has  sufficient  tension  to  open  the  valves.  At  each  stroke  of  th^  piston 
the  air  undergoes  iifnewed  rarefaction  until  the  amount  remaining  in  a 
good  instrument  is  about  one-thousandth  of  the  original  quantity,  and 
the  space  within  the  reoeiver  may  he  regarded  as  a  vacuum.  The 
pvimp  here  figured  is  furnished  with  a  barometric  manometer,  seen  in 
the  lett  of  fig,  235,  by  which  the  degree  of  exhaustion  is  directly  indi- 
cated. The  efficiency  of  the  air-pump  depends  in  a  great  measure  upon 
the  valves,  which  are  best  made  of  oiled  silk. 


e  upper  pirt  of 


The 


ID  of  (he  upper  vaWa,  c,  as  made  bj  Bitchi 


2ST.  Tbe  disk  of  oiled  silk,  t,  is  kept  in  place  \>j  the  pin 
c,  and  the  whole  is  protected  by  tba  dome-ahaped  covanng 
c.  The  tnbo  g  k  {fig.  236)  discharges  the  air,  and  the  oil 
which  escapes  wibh  it  ia  collected  in  a  reservoir  planed 

An  air-pump  with  two  cylinders  ii 
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pistons  of  which  nre  alternately  raised  and  depressed  bj  a  rack  aniJ 

Degree  of  Exhaustion.— It  ia  plain,  on  a  moment's  reflection,  that  by 
maohauical  means  alone,  it  ia  impossible  to  produce  a  perfect  vacuum.  Tber(, 
must  always  remain  a  eerfain  volume  of  air,  inferior  in  tension  to  the  gtavilj 
and  friction  of  the  pump  valres.    By  employing  an  atmosphere  of  dry  hydnigen 

to  a  perfect  vacuum  is  made,  invarsely  aa  tlie  density  of  the  two  gases.  Also 
by  using  oatbonio  acid  for  the  same  end,  and  absorbing  the  residue  of  thjj  gaj 
by  dry  quiok-lima  previously  placed  on  tho  pump  plate,  a  perfect  vocunm  may 
be  prodiieed ;  bat  by  chemical  and  not  by  mechanical  means. 

2SS.  Compressing  machine. — This  machiae  is  uaed  to  compress 
the  air  or  ony  other  gas ,  it  2Sa 

is  constructed   lilte   the  air 
pump,    the    only    differenie 
being  that  its  valves  open  in 
a    contrary    direaion,   mz 
downwards 

Fig.  238  hows  t  very  neit 
fonn.ofthe  o  de  'inj^punp 
as  oonstruc  ed  by  R  tob  e  to 
illustrate  the  Mir  oft  n  law 
(275)  andto  Iq  efy  g      ■< 

289.  Water    pumps  — 

Pumps  are  n  a  I  n  de 
signed  to  ele  ate  1  qu  1  al-ove  the  r  f  m  er  le  el  They  are  of  two 
classes:  Ist  those  a  t  ng  by  ntmo  pher  c  pres  re  2d  tho'e  which 
act  independo  t  of  u  h  p  e  ^u  e  They  are  commonly  called  either 
suction,  or  f  r    ng  pun  p      r  b  th  un  ted 

290.  Suction  pumps  — Tl  e  su  on  pump  iig  2  9  a  composed  of 
a  tube.  A,  whose  1  wer  end  s  ramer  ed  n  the  vater  to  be  elevated 
This  is  attached  t*  the  I  o  ly  of  the  pump  C  wl  ch  ontaina  a  pist«n 
furnished  w  th  a  valve  r  open  ng  f  ward  The  upper  extremity  of 
the  tube  A   a!^n  oonta  ns  a  valve  o     pen  ng   n  (he    ame  direction. 

When  the  piston  is  elevated  from  the  lower  part  of  the  pump  by  working  the 
bandle,  L,  tho  viilve  r  closes,  and  a  partial  vocnum  is  produced,  bnt  the  elastio 
foreo  of  tho  air  in  A  causes  the  valve  o  to  open,  and  part  of  the  air  Ihua 
passes  into  C.  The  dr  in  the  tube  is  tbus  rarefied,  and  the  water  rushes  op 
to  such  a  height,  that  the  weight  of  the  column  of  water  raised,  added  to  the 
elasticity  of  the  interior  air,  keep  it  in  equilibrium  with  the  atmospheric  prea- 
Bure.  When  the  piston  descends,  the  valve  o  closes  by  ifa  weight,  and  pre- 
venta  the  return  <f  the  air  from  the  body  of  the  pump,  C,  into  the  tube  A, 
The  compressed  air  opens  the  valve  t,  and  thus  escapes  into  the  atmosphere 
tbrongh  B.  After  a  nnmber  of  strokes  of  the  piston,  fewer  as  the  capacity  of 
the  Inbe  a  is  less,  the  water  will  be  elevated  above  tiie  lower  ralvo  ;  now  whpB 
22  • 
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the  pUton  U  loware  1  the  valve  r  w 
BloTating  the  p  ston  r  1  sei  anithi 
(aiaed  in  B,  and  cucapei  Ihruugii  tto  ap  lut  S 

As  in  this  and  the  fill  wiag  ]  ump 
the  water  is  eleiated  to  the  t  p  of  the 
tube  by  means  of  itniooph 
it  18  evident  that  even  in  the  moat  per 
fectly  constructed  pump-i  the  di"tarn,e 
from  the  level  of  the  water  to  the  U  p 
of  the  pump  roust  not  exetel  thirfj 
four  feet  (261)  but  those  of  ordinary 
construction  contain  defeols  lu  that 
generally  we  do  not  gam  a  greater 
height  than  twenty  six  or  twenty  eight 
feet.  But  after  the  water  has  passtd 
abuve  the  pistun  the  height  to  which  we 
may  elevate  it,  is  limited  only  b'^  tl  t 
power  appliei  at  the  piston  for  it  ih 
the  ascensional  fon-e  of  this  which  elp 
vates  the  water 

291.  Suction  and  lifting  pump  — 
Sometimes  the  water  ra  led  above   the 
piaton,  instead   if  pisain^  upward"    n 
the  tube   in  which  the   piston  worki    rises  by  a  lateral   i 
tube,  S,  furnished  with  a  valve  whuh  pre\er 


ahown 


the  return  of  the  water 
fig.  239. 

That  the  rising  of  the  water 
in  the  tube  la  due  to  the  at 
moBpheric  pressure,  may  be 
demonstrated  by  the  appara- 
tus, fig.  240.     After  forming 

which  contains  the  vessel  of 
water,  the  liquid  will  not  rise 
in  the  tube  when  the  piston 
in  the  pump,  P,  is  raised,  but 
upon  admitting  the  air  it  is 
lupidly  elevated,  as  usual. 

292.  Poroiitg-puinp. — In  | 
the  foreing-pump,  the  piston 
hna  ro  valve.     The   I'wer  part  of  the  cylinder  in  which  it  worka  u 
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placed  in  the  water  to  be  elevated,  bo  that  the  valve  r,  fig.  241,  which 
opens  upward,  is  always  immeraed.  The  ascending  tube  a  h  oontaina 
a  valve,  S,  also  opening  upwards,  and  an  air  chamber,  in  n. 

ed   S  1?  closed,  and  nater  is  introdnced  by  ths  open 


When  the  piston  li 
Tftlve  r  I  upon  tlie  dasconl  n 
theaseending  tube  ab      Thi 


erroii,  «»,  filled  with  air,  ia  designed  to  ren. 
Wbeu  tbe  watar  is  foFced  by  tbe  piston  into 
Iha  tube,  the  lur  is  comrreesed  in  mn     reacting  afterwards  by  ils  elaslicity,  it 

It  is  found  necessary  to  have  the  air-chamber  twenty-three  times  the 
capacity  of  tho  body  of  the  pump,  in  order  to  render  the  jet  continuous. 

293.  Rotary  pump. — The  rotary  pump  is  a  mechanical  contrivanea 
for  raising  water  by  a  continucjs  rotary  moTeraent.  Fig.  242  repre- 
sents one  of  the  most  successful  of  these  pumps  (Gary's).  Within  a  fixed 
cylinder  is  included  a  muva-  313 

ble  drum,  B,  attached  to  the 
ftiis,  A,  and  moving  with  it. 
The  heart-shaped  cam  sur- 
rounding A,  is  immovable. 
Tho  revolution  of  B  causes 
the  plates  or  pistons  C  C  to 
move  in  and  out,  in  obedi- 
ence to  the  form  of  the  cam. 


Thew 


i  and  ii 


from  the  chamber 
through  the  porta  or  valves, 
L  and  M ;  the  directions  are 
indicated  by  the  arrows. 

The  cam  is  so  placed  tha,t  ca.. 

iuto  the  cavity  of  tho  chamber  j  tbua  forcing  before  it  the  water  already  there, 
into  the  esit  pipe  II,  and  drawing  fttt«r  it,  through  the  suction  pipe  F,  tha 
stream  of  supply.  When  the  pump  ia  set  in  action,  the  suction-pipe  is  gradually 
eihausted  of  air,  in  which,  consequently,  the  water  ascenda,  and  boiag  thrc«n 
into  tho  cylinder,  it  is  thore  carried  around  by  tha  plates  C  C,  in  the  manner  just 
desciibed. 

This  is  a  form  of  pump  often  employed  in  the  steam  fire-engines  now 
coming  into  general  use. 

294.  Fire -engine  .—In  order  to  obtain  a  continuous  and  powerfnl 
jet  of  water  from  fire-engines,  they  are  usually  constructed  with  two 
forcing-pumps,  which  are  alternately  discharging  water  into  a  common 
air-cham'ier.  The  pistons  are  moved  by  brakes,  haying  an  oscilhiting 
motion.     The  water  from  both  pumps,  forced  into  the  air-chamber. 
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Mcapes  through  a  long  leathern  hose,  terminated  bj  a  metal  tube, 
which  serveB  to  direct  the  jet. 

295.  Hlero'a  fouatala. — In  this  apparatus  we  aha  ubtain  a  jet  of 
water  by  means  of  air,  compressed  in  thia  case  bj  a  column  of  water 
A  common  form  of  this  apparatus  is  repre-  243 

sented  by  fig.  243. 


It  CD 
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Upoa  pouring  water  into  the  cistern  D,  the 
liquid  descends  to  N,  by  the  tube  B,  conse- 
quently the  water  in  the  lower  globe,  N,  sup- 
ports, besides  the  atmospheric  pressure,  the 
pressure  of  the  column  of  water  in  the  tube. 
This  pressure  is  transmitted  to  the  air  in  the 
globe,  M,  which,  reacting  on  the  water,  forces 
it  out  through  the  jet,  as  seen  in  the  figure. 
If  there  was  no  friction,  and  no  resistance 
from  the  air,  the  ivater  would  apout  to  a 
height  equal  to  the  difference  in  level  of  the 
water  in  the  two  globes. 

296.  Hydraulic  ram. — In  the  hydraulic 
ram,  the  momentum  of  a  part  of  the  fluid  in 
motion,  ia  effective  in  raising  another  portion, 
A  simple  form  of  this  apparatus  is  seen  in 
fig.  244.  The  water  descends  from  the  spring 
or  brook,  A,  through  the  pipe  B,  near  tie  end  of  which  is 
!>er,  D,  and  rising  main,  344 

F.  The  orifice  at  the  ex- 
treme end  of  B,  is  opened 
and  closed  by  a  valve,  B, 
Of  ening  downwards. 

When  the  »aln 
the  water  fione 
an  til    the    ourrei 
tuElciently  rapid  to  lait 
valve  B,  sad  thm  lo 
the  orifice.     Tha  nater 
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great  pressnro,  and  having  raised  tho  rail 
where  it  eompresaea  the  oir.  The  eomprosi 
causes  the  water  to  rise  in  the  pipe  P,  unti' 
When  this  takes  plice,  the  pressure  is  aga 
of  the  valve  E,  which  opens  (d  )  ) 


irihed. 


I  of  el 


B  again  put 


The  hydraulic    ram,   when   well 
Btructed,  is  capable  of  util  z  ng     1   ul 
per  cent,  of  the  moving  powe 

297.   Chain-pamp. — The   cha  n  p  a  p   ] 
acts  indepeadeat  of  atinospher     l 

sts  of  a  cylinder,  fio      ■!        ^    ^ 
d  is  immersed  in  tho     ite    of  1  e 
■  B,  and  whose  uppe    pa  t  e    e 
ioto  the  bottont  of  a  cistern  C    nto  nh    h 

to  be  raised      An   endl 
chain  is  carried  around  the  whe  lt<  a1      « 
and  below,  and  is  furnished  at  e  {ual  1 

with    circalar   plates,    which    fit  ■ 
cloaely  into  the  cylinder.     As  the  v 

revolved  by  means  of  power  applieil  | 
UBuallj  by  a  winch,  the  circular  plates  1 
■ely  enter  the  cylinder  and  tarry  j] 
■ater  up  before  them  into  the  cist 
which  it  passes  out  by  a  spout. 
).     Archimedes'  sctew. — This  machine 
■ented  by  Archimedes  in  Egypt,  to 
aid  the  inhabitants  in  clearing  the 
land  from  the  periodical  overSowings   ' 
of  the  Nile.     The  instrument  varies 
form,  according  to  the  manner 
and  purposes  of  its  application.    To 
■ender  the  principle  upon  which  it 
TCorks  intelligible,  let  us  eiipposc  a 
,ube   bent   in  the   form  of  a  cork- 
sjrew,  and  inclined  in  the  manner 
shown   in   fig.   246.      If   a   ball   be 
placed  in  A,  it  will  fall  to  B,  and 
there  remain  at  rest;   if  the  screw 
be  now  turned  so  that  the  mouth  A  is  placed  in  its  lowest  position, 
the  point  B,  during  such  a  motion,  will  ascend,  and  will  assume  tht 
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highest  position  it  can  have.  The  ball  will  then  fall  to  C  ;  by  continu- 
ing the  revolution  of  the  screw,  the  bail  wiU  ascend  in  the  tube,  and 
finally  will  be  discharged  from  the  upper  mouth.  The  same  would 
happen  with  a  portion  of  liquid.  If  the  lower  extremity  of  the  screw 
was  immersed  in  a  reservoir  of  liquid,  it  would  gradually  be  curicd 


along  the  spiral  aa  the  screw  was  turne<),  to  any  height  to  which  the 
screw  might  extend  In  prattiCB,  the  AOrew  is  more  commonly  formed 
of  a  cylinder,  to  the  walls  of  which  is  attached  a  spiral  thread,  as 
flhowu  in  fig  247  Beaide'i  liquids,  theie  maehinei  are  used  for  ele- 
vating ores  m  mines,  or  gram  in  breweries,  &c  f  hey  are  commonly 
used  at  an  inclination  of  about  45°,  but  miy  be  used  at  GO" ,  revolving 
100  to  200  times  a  minute. 


Problems  on  Pneumatics, 

Atmospheric  Pressure. 

IS*.  What  weight  could  be  llft^a  by  tbe  apiiaratus  shown  in  fig.  203,  if  tla 

mouth  of  ihe  jar  is  i  inches  ia  diiiinet«r,  »ad  the  air  within  the  jar  is  eihansled, 

■o  aa  to  leave  it  hut  one  huDdrodth  part  its  normal  deDsitj  ? 

135.  What  force  would  be  required  lo  separata  two  Magdeburg  hemispheres, 
\  ai  ing  an  ioteroftl  diameter  of  ten  inohea,  if  a  perfect  vacuum  were  formed 


ise.  . 


iaube:,  and  the 
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grammes ;  when  fuU  of  air,  it  weighs  5422737  grammes ;  wbea  full  of  aM.>iher 
gas,  6*1-175  grammoa ;  what  is  the  capacity  of  the  giobc,  and  what  is  the  specific 
gravity  of  thogaa? 

Baiometer  and  Balloons. 

133.  To  what  height  wil!  sea  water  (Sp.  Qr.  =  1-026)  rise  in  a  Tuniwlliao 
cabe,  when  the  baroraol«r  sUinile  at  23'7a  inuiies  ! 

140.  V/bia  the  mercui;  barometer  stands  at  30  inehcs,  what  umst  be  th« 
leagth  uf  a  water  boromeler  inelined  t«  the  horizon  at  an  angle  of  30°  F 

141.  What  would  be  lite  height  of  a  snlphurio  aeid  barometer  (Sp.  (Ir.  sul- 
phuric acid,  1-85)  when  the  mercurial  barometer  stands  29'35  inches  ? 

142.  Meadmrement  of  the  height  of  (he  highest  peak  uf  the  Smoky  SlouoUin, 
(Lat  36"  N.)  in  North  Carolina,  September  8,  ISaS,  bj  Prof.  A  tiujol^  By 
ubservadon  at  8J  A.  K. 

Lower  station,  R.  Collins'  house,  4  ft.  abote 

ground, *  =  2T-862,  T  =  66°4,  l  =  65''-l. 

Upper  Station,  Smoky  Dome,  4  f«st  below 

summit, ft'  =  23  Sfi3,T' =  iil'^-S,  I' ^  5P-4. 

Mr.  Collins'  hoaee  being  2500-2  feet  above  the  ocean. 

Calculale  from  these  data  the  height  of  Smoky  Dome  abore  the  ocean. 

Altitude  oalcnlnted  by  Prof.  Oujot,  6655  85  feeL 

143.  What  is  the  a^eenslouat  force  of  a  spherical  bullooa,  30  feet  id  diameter, 
filled  with  oommon  illuminating  gas  [Sp.  Gr,  -485),  the  weight  of  the  balloon  and 
ear  attBohed  being  200  lbs.  ?  What  if  it  were  two-thirds  filled  with  bydrogcu 
(Sp.  Gr.  of  hydrogen,  0-069)? 

144.  A  balloon  entirely  fillod  with  illuminating  gas  (Sp.  Gr.  -500),  is  so  bal- 
lasted that  it  rises  to  an  clevatiun  where  the  jnereury  stands  at  15  iuebes.  Suppose 
one- half  the  gas  Is  now  liberated,  will  the  balloon  rise  or  fall  ?  and  what  amonot 
of  ballast  should  be  put  in,  or  thrown  out,  tu  cause  the  balloon  to  remain  sta- 

Mailotte's  Law.     (Regarded  as  iiii:ariable.) 

145.  What  proportion  of  a  tube,  34  feet  high,  can  be  filled  with  water,  tba 
contained  air  being  assumed  to  be  compressed  at  the  bottom  of  the  tube  ? 

140.  A  faulty  barometer  (oontaining  air)  indicated  29-2  and  30  inches,  when 
the  indications  of  a  correct  instrument  were  29-4  and  30-3  inches  respectively; 
find  the  length  of  tube  whioh  the  air  in  the  column  would  fill  under  the  pressure 
of  30  inches? 

147.  A  glass  globe,  10  o.  m,  in  diameter,  hermetically  sealed,  weighs  4j-ia(l 
gram,  when  the  barometer  stands  at  74  5  o.  m.     What  would  it  weigh  if  the 


e  height  of  the  barometer,  supposing  the  tempera- 
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OF  UNDULATIONS. 
J  1.   Theory  of  ITiidulationB. 

299,  Origin  of  andrilationa, — ^By  the  operation  of  certain  forces, 
the  different  parts  of  all  boiiiea  are,  orJinarllj,  held  in  a  state  of  equi 
librium  or  rest.  If  the  molecules  of  a  body  are  disturbed  by  any 
extraneous  force,  they  will,  after  a  certain  interval,  return  to  the  state 
of  repose.  This  return  is  effected  by  the  particles  approaching  the 
position  of  equilibrium,  and  receding  from  it,  alternately,  until  at 
length  the  body,  by  the  resistance  of  the  medium  in  which  it  is  placed, 
and  by  other  causes,  is  gradually  brought  to  rest.  The  alternate 
movements  thus  produced,  are  variously  expressed  by  the  terms  vibra- 
tions, oscillations,  naves,  or  undulations,  according  to  the  state  or  form 
of  the  body  in  which  such  movements  occur,  and  the  character  of  the 
motions  which  are  produced. 

300.  ProgreaaiTe  undulations. — Undulatory  movement*!  are  of 
two  kinds,  progressive  and  stationary.  In  progressive  undulations,  the 
particles  which  have  been  immediately  excited  by  the  disturbing  cause, 
coinmunioate  their  motion  to  the  particles  next  them,  and  as  this  move- 
ment of  the  particles  is  successive,  the  position  they  assume  at  any 
particular  moment  during  their  motion,  appears  to  advance  from  one 
place  to  anotiier. 

Tbis  kind  of  undulation  is  observed  in  a  cord  made  fast  at  one  end,  nhilo 

down;  theportion< 
the  hand  niltaseui 
fig.  248,  I, 


relative  position   of   the   eleration 
and  dcprsEsiun  being  reverEGCl.  This 
altamatB  movement  may  be  repeated  a  numl 
lo  rest.    These  are  sometimes  called  waves  a 
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301.  Mechanical   illustration  of  nadulations.— In  fig.  249  i, 
shown  PoiveU's  apparaltis  for  iWasUating  progressive  nndulotions.     i 

upon  metallic  rods  that  tliey 
haye  freedom  of  motion  only  in 
a  vertical  direction.  On  a  shaft 
turned  bj  a  crank,  siiown  in  the 
lower  part  of  the  £gure,  are 
placed  a  series  of  eueenlric 
wheels  (one  under  each  rod)  so 
arranged  as  to  raise  the  rods  one 
after  the  other.  When  one  rod 
is  rising  another  is  falling,  and 
the  wave  appears  to  travel  from 
one  end  of  the  series  to  the  other. 
As  soon  aa  one  wave  disappears 
another  is  formed,  and  these 
waves  succeed  each  other  lilte 
the  undulations  of  a  cord. 

302.  Stationary  undulationa. — Undulations 
when  all  parts  of  the  body  assume  and  couiplet* 

Thua,  when  a  cord  atretolied  belneen  A  B,  flg.  S50,  i 
it  ultimntely 


.  all  parta  of  tt 


303.  Isocbronous  vibrations. — Those  vibrations  that  perform  their 
journey  on  either  side  of  their  normal  position  in  equal  times,  are 
termed   soohronous  (from  caa^  eq  lal   and  ^/   voq  t  ne) 

The  moremeutE  of  a  pendulnm  fuimali  a  perfect  ill  3  ra  nn  of  su  h  v  bra- 
lions  (TS 

304  Phases  of  undttlations  — In  every  complete  oia  Hat  n  or 
perfect  wave    the   f  11   v  ng   \  arts   may   be 


"50 


251 


r 

aeb  Ic  fig  251  a  called  a  wave  The  part  aeb  nh  h  r  ses  above 
the  po  t  nofeq  1  Ir  u  n  s  calle)  the  phiae  of  ele  at  nofthewave, 
e  being  the  point  of  greatest  elevation;  the  curve  bdcie  called  the 
phase  of  depression  of  the  wave,  the  point  d  being  that  .'f  greatest 
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depresBion.  The  distanoe  ef,  of  the  highest  point  above  the  position 
of  equilibrium,  is  called  the  height  of  the  w!ive,  and  in  like  manner  ths 
diatanee  gd,  of  the  lowest  point  below  the  position  of  equilibrium,  is 
called  the  depth  of  the  wave.  The  distance  ac,  between  the  beginning 
of  the  elevation  and  end  of  the  depresaion,  is  called  the  length  of  th; 
wave,  the  distauce  a  b  the  length  of  the  elevation,  and  6  c  that  of 
depression. 

305.  Nodal  pointa.^When  a  bodj,  as  a  string,  is  made  to  assume 
a  series  of  stationary  vibrations,  the  points  where  the  phases  of  eleva- 
tioQ  and  depression  intersect,  are  always  at  rest. 

Let  the  cord  stretched  between  A  B.  fig,  253,  bs  teDiporftrily  fised  at  the  points 
C  and  D,  and  the  three  parte  be  drawn  at  ths  samo  momest  equally  in  contrarj 


Pieces  of  paper  resting  upon  these  points  will  bo  undisturbed,  while, 
if  placed  on  the  intermediate  positions,  they  would  be  thrown  off  imme- 
diately.   These  are  called  nodal  points  (Latin,  nodits,  a  knot). 
S  2.   Undulations  of  Solida. 

306.  Solid  bodiea.— All  solid  bodies  exhibit  the  phenomena  of 
vibration  in  various  forms  and  degrees,  varying  in  an  infinite  variety 
of  ways,  according  to  the  form  of  the  body,  and  the  manner  253 

in  which  the  force  producing  the  vibration  is  applied. 

307.  Forma  of  vibration. — Bodies  of  a  linear  form, 
as  tense  strings,  fine  wire,  &o.,  are  susceptible  of  three 
kinds  of  vibration,  which  are  called  (1st)  the  transverse, 
(2d)  the  longitudinal,  and  (3d)  the  torsional  vibrations. 
A  simple  apparatus  to  exhibit  these  eSeets  experimentally, 
contrived  by  Prof  August,  is  represented  in  fig.  253.  It 
consists  of  a  spirally  twisted  wire,  stretched  from  a  frame  !■ 
by  a  weight.  If  the  weight  be  raised  to  A,  and  then  let 
fall,  it  will  advance  and  recede  from  its  normal  position,  '. 
the  wire  performing  a  series  of  longitudinal  vibrations. 

Transverse  mbraiiima  are  produced  by  confining  the  lower  end  of  th« 
wire  by  a  clamp.  The  wire  is  then  drawn  from  its  position  of  equili. 
brium  and  suddenly  let  go.  The  vibrations  which  it  then  makes,  shown 
by  the  dotted  lines,  are  transverse  to  the  axis  of  the  wire.  Ibrsionat 
n&rationa  are  produced  by  turning  the  weight  around  its  vertical  axis  j 
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upoD  letting  it  go,  the  torsion,  or  twist  of  the  wire,  causes  it  to  turn  back, 
its  inertia  carrying  it  bojond  its  position  of  equilihrium,  until  arrested 
by  the  resistance  of  the  wire,  and  these  alternate  twistings  will  continuo 
with  a  constantlj  decreasing  energy,  until  gravity',  and  the  molecular 
forcc9  of  the  solid,  restore  the  equilibrium. 

308.  Vibration  of  cords. — Cords  and  wires,  as  ia  familiarly  seen 
in  stringed  instruments,  have  tbeir  elasticity  developed  by  tension. 
The  transverse  vibrations  of  a  body  are  well  illustrated  by  the  simple 
apparatus  annesed. 

Thus  if  the  cord  a/b,  flg.  251,  be  drann  oat  in  the  middle  toacb,  upou  being 


One  complete  movement,  (as  from  acb  to  a  db,)  h  termed  an  oscil- 
lation or  vibration,  and  the  time  occupied  in  performing  it  is  called  the 
time  of  oscillation.     The  vibrations  of  tense  strings  are  isochronous. 

309.  La-ws  of  the  vibration  of  cords. — Calculation  and  experi- 
ment have  demonstrated,  that  the  vibration  of  cords  is  in  accordance 
with  the  four  following  laws. 

1.  The  tension  being  the  same,  the  number  of  vibrations  of  a  cord  is  in 
inverse  ratio  to  its  length. 

Tliat  is,  if  on  extended  cord,  as  of  a  violin,  makes  in  »  certain  time  a  number 

represented  respectively  by  2,  3,  4,  the  coid  must  be  i,  1,  i  aa  long. 

2.  The  tension  being  the  same,  the  jivmber  of  vibrations  in  cords  of 
the  same  material,  is  in  the  inverse  ratio  of  their  thickness  <»•  diameter. 

That  ia,  if  we  take  two  cords  or  wires  of  the  same  length,  of  copper  or  steel, 
as  those  of  a  piano,  one  of  which  is  twice  the  diameter  of  the  other,  and  which 
vibrate  equal  lengths,  the  small  one  nill  make,  in  the  same  time,  twice  as  man; 
vibrations  as  tlie  larger, 

3.  The  number  of  vibrations  of  a  cord  is  proportional  to  the  square 
root  cf  the  stretching  weight. 

That  is,  if  we  represent  bj  1  the  number  of  vibrations  made  by  a  cord, 
eitanded  by  a  weigtit  uf  1,  then  the  number  of  vibrations  made  by  a  similar  cord 
of  the  same  length,  in  tho  same  time,  becomes  respectively  2,  3,  4,  £c,,  when  the 
weight  is  increased  to  4,  9,  ]6,  i.a.  Thus,  if  we  would  cause  a  given  cord,  as 
of  a  violin,  to  vibrate  vfith  a  four-fold  velocity,  it  is  noesssary  \ii  strain  it  tt 
liiteen-fold  the  original  tension. 

4.  All  other  things  being  equal,  the  rnimber  of  vibrations  of  a  cord  it 
tnveTsely  proportional  to  the  square  root  of  its  densilt/. 
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Thus,  if  we  take  a  cord  of  eopver  wbleh  has  a  denaitj  of  9,  and  one  of  cat- 
gut, wbose  density  ia  aboot  1,  tbe  number  of  vibrations  of  the  laat  in  tbe  sam* 
time  will  ba  thiee  times  that  of  tbe  former. 

It  is  evident  that  these  laws  applj  only  to  homogeneous  cords,  ant* 
not  to  thnse  corda  which  are  covered  with  another  material,  as  a  har[ 
string  of  cat-gut,  covered  with  metallic  wire. 

31'  Vibrations  of  loda  —Rods,  like  cords,  vibrate  both  in  long! 
tud  nal  8  d  t  aoB  rse  d.rf-cfionB  If  thej  are  fixed  firnilj  by  one  ji 
the  est  t  e  as  in  a  vice,  they  will  give,  when  set  in  ir'^.tion,  a 
ser        f         h    n        Tibiatwns 

Elaat  ds  may  like  strings,  be  divided  by  stationary  undulationa 
into  8  al  vibrat  ng  parts.  The  nodal  points  may  be  ascertained  by 
pi  Dguptnth  ds  light  rings  of  paper ;  these  will  be  thrown  off  aB 
long  as  they  rest  upon  any  point  except  a  node,  but  when  they  reach  a 
node,  they  will  remain  there  unmoved. 

The  space  between  tbe  free  eitremity  and  the  Brat  nodal  point  ie  equal  to 
half  tbe  length  contained  between  two  nodal  points,  but  it  vibrates  with  the 
same  velocity.    Thus  a,  fig.  25S,  being  the  fixed,  266 

and  J  tbe  free  end,  the  part  bi 


Rods  may  also,  like  cords,  vibrate  longitudinally,  and  the  nodal 
points  are  formed  in  the  same  manner.  It  has  been  observed  in  elastic 
rods  of  the  same  nature,  that  the  number  of  longitudinal  vibrations  is 
in  the  inverse  ratio  of  their  length,  whatever  may  be  their  diameter 
and  the  form  of  their  transverse  section, 

A  prismatic  bar,  vibrating  longitudinally,  undergoes  a  very  consi- 
derable increase  of  length,  which,  in  the  state  of  repose,  could  not  be 
produced  except  by  a  very  sti^ong  tension,  wiiile  tJie  vibratory  movement 
is  obtained  by  a  very  feeble  force. 

The  number  of  vibrations  by  torsion  in  rods,  is  in  the  inverse  ratio 
of  their  length,  and  is  proportional  to  their  thickness,  the  substance  iu 
all  cases  remaining  the  same. 

311.  Patha  of  vibration  .—The  motion  performed  by  vibrat'.ng 
rods  ie  often  very  complex.  This  may  be  beautifully  seen  by  the  con- 
trivance of  Prof  Wheatatone,  consisting  of  a  polished  bead  fastened  on 
the  extremity  of  an  elastic  rod,  as  of  a  knitting-needle,  firmly  fixed  in 

Upon  making  the  rod  vibrate,  tlie  bead,  by  reflection,  will  produce  a  eontlno- 
ODS  line  of  light.  It  will  be  aeea  that  the  arc  described  ia  not  oireular,  bat  thg 
rod  apfeare  to  lie  impreased  at  the  same  time  with  two  vibratory  movements,  at 
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light  angles  to  each  other,  and  moves  ia  a  curve  produced  hj  tTia  composition  of 
these  forces. 

313.  Vibration  of  elastic  plates. — Vibrations  lire  readily  excited 
in  ela  t'l.  plates  Ly  thp  fr'cf  n  nf  a  '  I'n  1  ow  or  by  blows.  The  plato 
may  be  confined  e  tl  er  at    ti  centre  2S6 

or  fr  m  one  corner  n  the  t  ce  fig 
"56  re^t  ng  upon  a  c  ne  of  cork  c 
and  pressed  ly  the  s  rew  a  t  pped 
w  th  enrk. 

In  the  T  brat  on  of  plates    n  dai  ^=^ 
1  nes  w  U  be  formed   wl     1    do  n  t 
pirt  c  pate   n  the  movements    f  the  | 
pUne   but  ren  anna  atate    f  ri 

2li.  Nodal  hues. — These  nodal  H 
lines  answer  to  the  nodal  po  nto 
linear  vibrations,  and  if  we  suppose 
the  plane  to  be  made  up  of  a  ser  ea 
of  rods,  these  lin 


i  the 


r  to  ti  e  r  nodal  p    nts      Tl  ej  n 
(  brat    g  surfa  e    tl  e  cont  guous 

IS  d  V  d  ng  the  planes   nto  numerou" 

bration. 


moving  in  contrary  di 
tions  in  opposite  phase 

This  13  shown  in  fig.  257,  by  the  aigns  +  and  — ,  A  B  being  t 
plane.  The  dimensions  of  these  internodas  (vibrating  portions),  a 
in  the  same  manner  as  timse  of  vibrating  rods.  257 

The  outside  ones,  ab,  „ 

sise  of  those  in 


314.  Determina    c 

of  the  nodal  lines  - 

nodal  lines  may  bo  d 

ing  aand   or  other  &       m 

plate,   and   vibratin       a     by 

violin-bow  drawn  a  h       dg 

plate;  the  grains  of        d  w 

reet,  and  which  are    h  p 

vibrating  portions,  \        b       ir  w 

settle  quietly  down  upon  the  nodal  linea. 

Hon.  Mr.  Faraday  proved  thut  this  phenomenon  was  due  to  small  currents  of 
air  produced  during  the  vibration  of  the  plate,  and  nhich  drew  the  powder  with 
them  {  for  in  a  vacuum,  tlia  povder  of  lycopodinm  is  dispoied,  like  sand,  upon 


le  points  which  are  at 
Those  which  are  upon 
after  a  time,  the;  will 


vcrj  light  pow 


r,  is  placed 
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the  nodal  lioea,  and  for  the  ?ame  reasoo  j  if  the  plate  covered  nith  sand  ll 
vibrated  under  water,  the  sand  eollecla  npon  the  most  agitated  portions  of  the 
plate,  because  of  the  similar  currents  eiailfld  in  the  water  by  the  vibrations. 

315.  Zia'wa  of  the  vibration  of  plates. — Obseryation  has  deter- 
mioed  that  tiie  Tibration  of  plates  of  the  same  substance,  and  haviog 
the  same  degree  of  rigidity,  are  subject  to  the  followiog  liiws;— 

1.  That  the  number  of  Ike  vibraiions  is  independent  of  the  breadth  of 
ihe  lataincE. 

2.  It  is  proportional  to  their  thickness. 

3.  The  fhieknesa  ieiug  the  same,  it  is  in  inverse  ratio  of  the  square  of 
their  length. 

316.  Method  of  delineatiag  nodal  lines. — As  these  nodal  lines 
assume  various  and  complicated  figures,  difficult  to  delineate  with 
accuracy  by  common  drawing,  Savarl  replaced  the  sand  by  powdered 
litmus,  previously  raised  with  gum  watflr,  dried  and  pulverized  to  a 
uniform  size.  The  acoustic  figures  being  produced  vritii  this  powder,  a 
paper  moistened  with  gum  water  was  then  gently  pressed  upon  them, 
thus  giving  an  exact  transfer. 

Ibis  method  gave  great  facilities  for  the  eomparieon  and  stud;  of  these  fligt. 
live  figures,  bo  difficult  to  produce  with  perfect  identity,  and  enabled  tlie  inventor 


ermine  the  ei 
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317.  Nodal  figuies.— Nodal  (or  acoustic)  figure 
symmetry  of  form,   and  259 

their  lines  are  generally 

as  the  number  of  vibra- 
tions is  greater.  The 
same  plate  may  furaish 
an  infinite  variety  of  fig- 
ures, which  pass  from  one 
to  another  in  a  oontinu- 

Budden  changes.  Thi 
figures  a  6c(ie/,  " 
pass    into    one    another 
without  int 


have  always  a  great 
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318.  Vibration  of  membranes.— The  fleuibility  of  membranea 
does  not  permit  us  to  vibrato  them  unless  they  are  stretched  aa  in  a 
drum.     They  present  moJes  of  ^^^ 

vibration  which  have  much 
logj   to   those  of  solid   pli 
Tibratiug  either  by 
as  in  the  drum,  or  by  the  inflti- 
enoe  of  Ttbrations   in   the  air. 
If  we  stretch  over  the  top  of  a 
funnel    a    piece   of   moistened 
bladder    and  when   it   is   dry, 
Busppnd    the    apparatus    by    a 
knotted    hail,   passed   through 
the  centre  of  the  membrane,  we 
can  produce  symmetrioai  nodal 
lines  upon  its  surface,  strewed 
with  sand,  by  passing  the  fin- 
gers, covered  with  resin   over  the  hi 
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observed  if  ne  bring  the  membrane  near  a  bell  while  it  is  vibrating, 
riin  at,  mstic  figures  obtained  by  the  vibration  of  membranes  iire  es- 
treuiply  varied  Satftrt  has  observed  that  square  membranes  are 
divided  by  their  nodal  lines  into  the  same  forms  at  iqutire  plates  und^r 
the  Bime  circumstances  with  this  difference,  that  the  iibrating  parts 
In  the  viLinity  of  the  edges  are  smaller  for  the  last,  while  they  are 
equal  to  tl  e  others  m  meinhrane?  Fig  2G2  represents  a  fovr  of  the 
furms  prjduied  in  the  vibration  of  membranes  It  has  been  found 
thit  wood  and  metals  in  very  thm  lamin-e,  vibrate  like  membranes. 
I  3.  Undulations  of  Iitquids 
319.  Production  of  waves — Liquids  are  capable  of  apsuraing 
nndulatorj  movomenta,  similar  to  the  \ibration'«  of  solids,  differing 
from  them,  however,  in  some  re^ipeots,  m  consequence  of  the  different 
physical  arrangement  of  their  atimi  If  a  depression  he  made  at  any 
point  in  the  surface  of  a  fluid  in  a  state  of  re^t  bv  the  dropping 
in  or  a  solid,  as  of  a  pebble  into  water  or  by  immersing  and  then 
withdrawing  the  solid,  a  circular  undulation  will  be  produced.  Around 
the  point  of  depression  there  first  rieea  a  circular  elevation  above  the 
level  of  the  liquid  when  in  equilibrium,  and  immediately  beyond  this 
is  a  circular  depression,  and  so  alternately,  successive  elevations  and 
depressions.  Thus  the  initial  motion  will  be  gra^Iuully  propagated  in 
a  series  of  progressively  widening  circles ,  wave  follows  wave,  until 
9  allow  the  equilibrium  to  be  regained.     Thus,  in  flg. 


263,  the  light  circles  D  an  I  F  represent  the 
ones,  0,  E,  G,  the  depressioiis  of  these 


progressive  linval  undulation  will  arise 
on  it,  raaamtling  that  of  the  ccrd,  fig 
m  flg    264, 


t 


>   and  the  shaded 


263 


A' CI 


and  tba 


only,  fhat  bj  the  breadth  of  the  wave  is  meai 
ila  length,  the  length  of  both  tho  elevated 
■nd  depresaed  portions.     (Pesehell.)  , 

320.  Piogressive  undulations  in 
liquids. — In  a  movement  of  the  kind 
just  indicated,  the  fluid  appears  as  if 
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gressivelj  Trom  the  point  of  excitation ;  but  tbia  is  a  delusion.  Clout- 
ing bodieB,  ns  pieces  of  wood,  are  not  hurried  forward  on  the  sur- 
face of  the  water,  but  merely  rise  and  fall,  alternately,  as  the  waves 
pass.  The  true  nature  of  the  motion  is  aucb,  that  each  particle  of  the 
fluid  deacribea  a  vertioal  circle  about  the  spot  where  it  may  happen  to 
be,  revolving  in  the  direction  in  which  the  wave  is  advancing.  The 
particle  thus  returns  to  its  former  position  in  the  same  plane,  one-half 
being  above,  and  the  other  half  below  the  level  of  the  fluid.  Each 
particle  of  fluid  tbua  set  in  motion,  imparts  a  similar  movement  Co  its 
contiguous  particle,  this  again  to  the  next,  and  so  on.  But  aa  a  certain 
time  must  elapse  for  this  transmission  of  motion,  the  different  partioles 
wilt  be  describing  different  portions  of  their  circular  movement  at  the 
same  moment.  Some  will  be  at  the  highest  point  of  their  vertical  circle, 
while  others  are  in  an  intermediate  position,  and  others  at  the  lowest, 
giving  rise  to  a  wave  which  advances  a  distance  equal  to  its  whole 
length,  while  each  particle  performs  one  entire  revolution. 

For  the  sake  of  aimplioitj,  we  will  oonsidar  only  aight  of  the  mimy  particles 
which  we  maj  conceive  as  occupying  the  horiiootal  aurfaee  between  a  and  ra, 
fig.  265.  Imagine  the  particle  o  to  he  at  rost,  when  a  descending  wave  strikes 
it.  It  will  ha  depressed,  and  will  begin  to  revolve  in  a  vertical  circle  in  the 
direction  of  the  arrow.    If  we  consider  eight  such  partioles  to  be  situated  on  tha 

line  a  m,  and  that  each  particle  begins  its  motion  i  of  a  revolution  Inter  than  itj 
neighbor  next  on  the  loft  hand ;  then  at  the  instant  when  «  has  completed  one 
entire  revolution,  the  second  will  be  one-eighth  betind  it,  vii. :  at  7;  the  3d, 
two-eighths  behind  it,  vii. ;  at  6 ;  and  the  fourth,  fifth,  sixth,  seventh,  and  eighth, 
at  the  points  5,  4,  3,  2,  and  t  respectively;  whilst  the  9th  particle  is  but  jnst 
beginning  to  move.  Connect  the  points  o,  7,  8,  5,  4,  3,  2,  1,  m,  and  the  line  will 
represent  the  form  of  the  Quid  surface  at  that  precise  moment  of  the  undulation. 

The  diameter  of  the  circle  which  each  particle  describes,  is  the  ampli- 
tude or  intensity  of  the  ware,  o6  its  depth,  and  g2  its  height,  each  of 
which  is  equal  to  the  radius  of  a  circle  which  any  particle  describes 
during  one  oscillation.  This  radius  is  longer  or  shorter  according  to 
the  amplitude  of  the  wave.  It  is  sometimes  twenty  feat,  which  make» 
a  very  high  wave,  probably  the  largest  which  ever  occurs  on  the  oceau 
in  a  violent  storm,  unless  it  bo  those  waves  which  have  been  increased 
by  the  accumulation  of  wave  upon  wave. 

321.  Stationary  waves.— Stationary  unilulatlons  may  be  prcluued 
by  exciting  waves  in  a  circular  vessel,  from  Its  central  point.  The 
waves  being  reflected  from  the  circular  wall,  will  produce  another  serieSj 
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which,  combined  with  the  first,  will  produce  the  effect  of  a  stationary 
ntidulation.  So  also  they  may  be  produced  on  a  surface  of  a  liquid 
confined  in  a  straight  channel  by  exciting  a  suocessiun  of  waves,  sepa- 
rated by  equni  intervals,  moving  agwnst  the  side  or  end  of  the  channel, 
and  reflected  from  it. 

322.  Depth  to  which  waves  extend.^Waves,  or  undulations, 
we  not  only  propagated  laterally,  but  also  in  all  other  directions.  It 
has  been  ascertained  (by  the  Messra.  Webber)  that  the  equilibrium  of 
the  liquid  is  not  disturbed  to  a  greater  depth  than  about  three  huudred 
and  Ifty  times  the  altitude  of  the  wave. 

323.  Reflection  of  iwaves. — If  a  series  of  progressive  waves  are 
arrested  by  impinging  against  any  solid  surface,  they  will  be  reflected 
again  from  that  surface  under  the  same  angle  at  which  they  struck  it. 
This  reflection  of  waves  is  occasioned  by  elasticity,  and  obeys,  precisely, 
the  laws  which  regulate  the  impact  of  elastic  bodies. 

Since  tbia  law  applies  to  all  the  rays  which  constitute  the  breadth  of 
a  wave,  the  path  of  a  reflected  wave  may  readily  be  determined  by  a 
knowledge  of  the  surface  and  the  angle  of  incidence.  If  the  wave  is 
linear,  (that  is,  if  the  line  resting  upun  the  highest  point  of  the  elevation 
at  right  angles  to  the  direction  in  which  it  is  moving,  is  a  straight  line), 
and  it  meets  a  plane  surface,  it  will  be  reflected,  and  return  in  the  same 
path.  If  it  meet  the  surface  at  an  angle  of  20"  or  30",  it  will  be  reflected 
at  the  same  angle,  on  the  other  side  of  the  perpendicular  to  the  reflects 
ing  surface, 

324.  Waves  propagated  from  the  focf  of 
vessel  is  in  the  form  of  an  ellipse,  and  a  wave  o 
foci,  all  the  rays  will  converge  so  as  to  fall 
simultaneously,  after  reflection,  on  the  other 

Fig.  266  reprcacnts  an  ellipse,  of  whicli  F  and 
F'  are  tbe  foei,  which  have  the  following  properly. 
If  linea  be  drann  from   tbe  fod  to  nay  poii 
P,  F,  F,  in  the  ellipse,  theae  lines  will  form  eq 
anglee  nith  the  ellipae   at  P,  and  their  lengths 
taken  together,  will   be  equal  to  the  major  axis 
A  B.     If  we  Buppona  a  series  of  circular  progres- 
eive  waves  propagated  (Vom  the  focus  F,  their  rays 
will  strike  Bueceisively  and  at  eqaa!  angles  upon  tbe  elliptical  eutfaci 
polats  F  F  P ;  they  will  he  refleeted  lo  tBe  direction  P  F',  toworilB  the  o 
But  sa  all  tbe  points  of  the  same  wave  move  with  the  same  velocity,  thej  w 
all  reach  tbe  focas  F  at  the  same  dme,  for  the  distances  the;  pass  over  are  equ: 
Bence  it  follows,  that  e 
hai  been  refleeted  f^on 
arOBOd  F'  as  a  centre. 

325.  Waves  propagated  from  the  focus  of  a  parabola. — If  the 


in   ellipse.— If  the 
ginate  at  one  of  the 
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Burfuce  be  a.  pnrabola,  itnd  a,  wave  originate  at  its  focus,  all  the  rajs 
will,  aftw  reaeetiun,  pass  in  parallel  lines.  Or,  if  the  rajs  inipiogB  in 
parallel  lines,  thej  will,  after  reflection,  converge  to  the  foeua. 

Fig,  M7  represents  the  parabolic  curve.  The  poiat  V  is  its  terlei,  the  IIdb 
V  M  ita  axis.  The  paint  F,  upon  the  niia,  is  the  foi^as,  and  has  the  follonic j 
property.     If  lines  be  drunn  frnm  the  focue  in  any  points,  267 

P,  in  the  carTe,  and  other  lines  be  drawn  fr.        "  " 

aererall;  parallel  to  the  aiis  V  M,  meeting  Ij 
perpendicular  to  the  axis,  the  liiiea  F  F  buc 

mm  of  their  lengths  will  be  everywhere  tl 
It  may  be  demotistrated,  as  in  the  case  of  t1 

■■  to  form  a  eeriea  of  parallel  atraight  wavi 

Moreover,  it  is  evident  that  if  two  parabolas  face 
each  ether,  eo  as  to  have  their  axes  coiuciden 
tern  of  progressive  circular  waves,  issuing  from  one  focus,  will  be  fol 
lowed  bj  a  corresponding  sjatem,  having  for  its  centre  the  other  focus. 
For  if  a  series  of  parallel  straight  waves  strike  a  parabolic  surface, 
their  reflection  would  form  a  series  of  circular  waves,  of  which  the 
centre  would  be  the  focus. 

Rajs  reflected  from  spherical  surfaces,  whose  extent  is  small  com- 
pared with  their  diameter,  will,  in  their  direction,  approximate  closelj 
to  those  reflected  from  a  parabolic  boundary. 

326.  Circular  waves  leflected  fiom  a  plane. — If  the  diverging 
rays  of  a  circular  wave  fall  upon  a  plane  surface  at  right  angles  to  it, 
their  path,  after  reflection,  is  the  same  as  it  would  have  been  had  tliej 
originated  from  a  point  on  the  opposite  side  of  268 

the  plane,  and  as  far  back  as  the  point  of  origin 
itself;  that  is,  the  form  of  the  reflected  * 
will  be  the  reverse  of  the  incident  wave,  for  the 
rajs  which  first  strike  the  surface  will  be  re- 
flected Brst,  and  will  have  returned  to  the  same 
distance  from  the  surface  at  the  time  when  the 
last  rajs  meet  it,  that  these  last  rajs  were  at  the 
moment  when  the  first  were  reflected. 
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point  k.  In  the  sama  way  it  may  bo  Bbown  that  the  intermediate  rays  will 
retura  tc  intetmeiliuite  positions,  and  be  found  in  the  line  fk/,  sjmmetriciilly 
(ituated  to  the  line  e  nf,  in  whicli  thej  would  have  been  had  they  not  been 
reflected  from  the  plane.  And  it  farther  followa,  that  the  centre,  c',  of  thn 
refleetad  ware  lit ff,  is  as  far  from  «/,  as  is  the  centre,  r,  of  the  incident  wave, 
<  n/  but  on  the  opposite  side  of  the  median  plane,  «  o/. 

327.  Combination  of  waves. — Where  two  systems  of  waves, 
ooniing  from  difipreiit  centres  meet  each  other  aevertil  effpcts  may  fol- 
low, acoordi  gtth  dfmtglh  ly  llustrate  the 
principles  of  d  1  t  11  d  ].  tm  t  f  pi  j  1st,  If  tha 
eleyationaof th  tvt  d  d  q  tlj  th  depressions 
also,  then  a  wwUbfmih  It  d  depressions 
will  be  the  8  ni  f  th  fit  g  ai  d  If  tl  e  two  waves 
of  equal  ampl  t  d  p  p  d 
is  true,  i.  e.,  th  t  th  1  t  f 
then  both  w  <J  pp  d  tl 
3d,  if  one  w  has  g  t  mpl  t  d 
waves  meet  th  m  ph  th  I 
height  equal  t    th    d  S"           b  tw       i 

Combinat  d     I  J  fw 

in  ftU  media        wl     h  f  f      y  k 

328.  Intet:feTeiice  in  an  ellipse,—': 
bj  an  elliptical  surface,  and  propagated,  one  directly  around  one  of  the 
foci,  and  the  second  formed  bj  reflec-  269 

tion  around  the  other  eshiblt  not 
only  the  phetiomeiia  of  reflection 
but   also   of   interference       Iheie 
phenimeni  are  represented  in  fig 
269  where  a  and  6  are  the  lw< 
The  strongly  marked  lines  ar 
elevatioiiB   the  m  re  lightly  traced|| 
lines  are  the  depress  oni  the  pomtsji 
where   the   more  strongly  marked 'Bj 
cirdes   interse  t   the   more  faintly   ' 
marked   circlei    are  points  where 
an  elevation  coincides  with  a  de- 
press on    and  ar«  therefore  points 
of  interfcreni,e      The  series  of  these  points  form  Imes  of  interference 
■which  are  indicated  in  tlie  diagram  by  dotted  lines,  which,  as  will  be 
seen,  arrange  themselves  regularly  in  the  form  of  hyperbola  and  ellipses 
about  these  foci. 

329.  Undulations  of  the  waters  of  the  globe,— The  undulations 
proifueed  in  the  oceans,  lakes,  river,'),  and  other  large  collections  of 
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water  upoD  the  Burfaca  of  the  globe,  are  of  extreme  importance  in  the 
economy  of  nature.  Did  not  water  posseaa,  aa  a  consequence  of  the 
mobility  of  ita  particles  among  each  other,  the  property  of  being  thu!< 
set  in  motion,  the  ocean  would  soon  be  rendered  putrid  by  the  decora 
position  of  the  masH  of  organized  matter  it  contains.  The  principal 
physical  cause  which  produces  these  undulations  on  a  moderate  scale, 
is  the  motion  of  tlie  atmosphere.  On  a  large  scale  the;  are  produced 
by  the  combined  effects  of  the  attraction  of  the  sun  and  moon  upon 
the  surface  of  the  ocean,  which  causes  the  ebb  and  flow  of  tides. 
Differences  in  temperature  and  density  of  the  waters  of  diflerent  parts 
of  the  ocean,  cause  currents,  by  the  efforts  of  these  waters  to  assume  a 
state  of  equilibrium  ;  and  liiatly,  the  rotation  of  the  earth  upon  its  axis, 
originating  the  constant  easterly  current.  A  full  discussion  of  these 
interesting  questions  belongs  to  Physical  Geography. 

J  4.   Undulations  of  Elastic  Flnids. 

330.  'Waves  of  condensation  and  rarefaction. — The  undulations 
of  liquids  already  described  (319)  are  suriace  wavea.  Undulations  of 
the  same  kind  may  also  be  produced  in  elastic  fluids.  Elastic  fluids 
are  also  subject  to  undulations  of  a  totally  different  kind  called  waves 
of  condensation  and  waves  of  rarejaciion.  Such  undulations  are  dua 
to  elasticity,  and  are  produced  in  air  and  gases  by  any  disturbance  of 
density.  If  any  elastic  fluid  be  compressed,  and  again  suddenly 
relieved  from  compression,  it  will  expand,  and  in  its  expansion  exceed 
its  former  volume  ta  a  certain  extent;  after  which  it  will  again  con- 
tract, and  thus  oscillate  alternately  on  either  side  of  the  position  of 
repose.  It  ia  obvious  that  we  must  regard  these  undulationa,  or  pulses 
of  air,  as  Bitendiog  equally  in  all  directions  in  the  free  air,  and  limited 
only  by  the  walls  of  the  containing  ressel  or  apartment  when  the  air  is 
confined.  Therefore,  the  effects  of  the  united  oscillations  extend  equally 
in  the  course  of  radii,  from  the  centre  to  every  point  of  the  surface  of 
a  sphere, 

331.  Undulations  of  a  sphere  of  air. — The  oscillations  of  air  will 
not  bo  confined  to  the  sphere  in  which  they  commence.  When  air 
is  first  contracted,  an  aerial  shell,  bounding  the  sphere  of  contraction, 
'■xpands,  and  becomes  thereby  less  dense  than  when  in  equilibrium. 
Again,  upon  the  expansion  of  the  original  sphere,  the  bounding  shell 
contracts  and  become*"  more  dense,  in  virtue  of  its  inertia  and  elasticity. 
This  exterior  shell  of  an  thus  acts  upon  another,  external  to  it ;  this  in 
its  turn  on  another  and  so  on,  and  thus  the  initial  force  is  propagated 
upon  sutcesBive  concentric  portions  of  »ir ;  its  effects  becoming  less 
marked  with  each  enlargement,  until,  like  the  ripple  of  a  wave  of 
water,  it  becomes  too  evanescent  t«  be  appreciated.     Compare  8  653. 

34 
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ofeiroularwaves  formed  around  a  point  on  thoBiirface  of  a  liquid.  The  conden- 
lation  of  the  elastic  fiuid  being  analogous  lo  tbe  oleratioD  of  a  surfaco  wave,  and 
Uie  phase  of  rarefaction  being  analogous  to  the  phase  of  depression. 

The  radius  of  the  hollow  sphere,  or  lbs  distance  the  undulation  had  trarersed 
when  the  first  particles  resumed  a  position  of  rest,  is  called  the  length  of  a  i 


Dies  of  greatest  condensation,  niil  be 
(be  length  of  the  naves. 

Meohanioal  illuatratlon.— Pro- 
fessor Snell  has  eontrived  the  apparatus,  represented  in  fig.  271,  ti 
nndulatlone.     It  consists  of  a  shaft  turned  by  the  ernnk  seen 
which  are  elliptical  grooTes,  inelined  to  ;  1 
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ned  and  c  ntinuallj  succeed  t 
332.  Velocity  and  intensity  of  aerial  waves —1  he  vel  city  with 
which  suoli  undulatjona  are  propagatfidthrough  the  atmosphere,  depends 
on,  and  varies  with,  the  elasticity  of  the  flui<l.  Waves,  both  large  and 
small,  are  transmitted  with  an  equal  velocity,  bo  long  as  the  elasticity 
remains  the  same.  The  intensity  of  yibration,  i.  e.,  the  dimensions  of 
the  spaces  wUch  the  individual  particles  traverse  while  in  this  state  of 
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moTomsnt,  depends  od  the  energy  of  the  disturbing  force,  which,  it  is 
alao  evident,  is  a  measure  of  the  degree  of  compression  of  the  wave. 

333.  Interference  of  waves  of  air.— If  two  series  of  aerial  waves 
'     'i     a.    t     tl    '     I    ■   ta  of  greatest  and  least  condensation,  a  new 

f  w  11  b    f    med,  whose  greatest  condensation  and  rare- 

ft  d  t  d  ly  tl     sum  of  these  points,  as  prevailing  in  the 

p      t        d  I  t  B  I  where  the  series  are  bo  arranged  that  the 

p      t    f  g      t    t  1        tion  of  one   coincides   with   the   point   of 

gr    te  t  ra    f    t  tl       ther,  the  resulting  series  will  have  conden- 

t  d         f    t  q     1  to  the  difference  between  the  waves  which 

t      If  th  J  q     1   total  interference  takes  place,  as  in  the  case 

f  1     t    fl     1         d     1  nee  results,  if  the  waves  are  those  of  sound. 

I  d    d    U  th      ff    t   d      ribed  in  the  case  of  waves  formed  upon  the 

surface  of  a  liquid  are  reproduced  under  analogous  conditions  in  the 

case  of  undulations  of  aeriform  bodies.    It  must,  however,  be  borne  in 

mind,  that  these  aerial  waves  have  always  a  spherical  form. 

334.  Intensity  of  waves  of  air  ezpaading  freely. — The  undu- 
lations produced  in  air  form  progressively  increasing  spheres  (330), 
the  magnitude  of  whose  surfaces  are  to  each  other  as  the  square  of  their 
radii,  or  as  the  square  of  their  distance  from  their  respective  points  of 
impulse.  As  the  intensity  of  the  wave  is  diminished  in  proportion  to 
the  space  over  which  it  is  diffused,  it  follows,  that  the  effect  or  energy 
of  these  waves  diminishes  as  the  square  of  the  distances  from  the  centre 
of  propagation  increases.  So  soon,  however,  as  the  radial  e 
of  the  wave  meets  with  any  resistance  which  reflects  the  rays  i 
parallel  or  concentric  direction,  this  rule  ceases  to  be  applicable. 


Problems. 

On  the  Iia'ws  of  Vibrations. 

1  j9.  If  a  cord  of  a  given  length  makes  IS  vibrntion;  per  sacaa^,  nbat  mnsl 

be  the  reapective  lengihs  of  similar  cords  to  make  63,  64,  72,  81,  and  90  vibra- 

tionaperaeoond? 

150.  If  a  cord,  3  feet  long,  extended  by  a  weight  of  10  lbs.,  makes  BS  vLbra- 
tioDB  per  second,  with  wb»t  force  must  a  aimilar  cord,  2  feet  long,  be  Bulended 
that  it  may  make  108  ribrntions  per  aeoond  ? 

151.  If  an  iron  wire,  one-tentb  of  an  inch  in  diameler  (3p.  Gr.  7S),  makes 
rs  vibrations  per  seonnd,  what  must  be  the  diameter  of  a  platinnm  wire  of  the 
come  length  (Sp.  Gr.  21-23)  which  will  make  45  vibrations  pur  second? 

las.  An  iron  rod,  vibrating  by  loraion,  makes  30  oseillationa  per  second ;  how 
much  longer  must  a  rod,  having  twice  the  diameter,  be  to  vibrate  (with  the 
■ame  force)  15  times  per  second? 


db,  Google 


THE   THREE   STATES   OF   MATTER. 


CHAPTER  VI. 

ACOUSTICS. 

g  I.  Production  and  Propagation  of  Sound. 

335.  Acoustics. — Sound. — Acausties  (derived  from  the  Greet 
Terb,  ixovio,  to  hoar),  teaches  the  science  of  sounds,  their  cause,  nature, 
and  phenomena.  Sound  is  the  impression  produced  on  the  sense  of 
hearing  by  the  vibrations  of  sonornua  bodies.  These  vibrations  are 
transmitted  to  the  ear  by  the  surrounding  medium,  which  is  ordinarily 
the  atmospheric  air. 

Bound  a  seneation. — It  will  be  understood,  therefore,  that  all 
sound,  whether  unmusical,  like  mere  noise,  or  musical,  like  what  is 
technically  called  a  (one  (a  sound  of  definite  and  appreciable  pitch), 
is  a  sensation;  and  the  causes  which  produce  this  sensation  may  eiist 
without  the  sensation  itself— that  is,  without  sound.  The  ciuse  of 
Bound  being  atmospheric  vibration,  if  there  be  no  delicately  caatructed 
organ,  like  the  ear,  to  receive  the  impression  of  this  ribration,  there  is 
no  sound.  It  would  follow,  that  even  at  the  Falls  of  Niagara,  if  there 
were  no  ear  present  to  receive  the  impression,  those  gigantic  vibra- 
tions would  esist  only  as  such — without  sound. 

Ke7-note  of  nature. — The  aggregate  sound  of  nature,  as  heard  in 
the  roar  of  a  distant  city,  or  the  waving  foliage  of  a  large  forest,  is  said 
to  be  a  single  definite  tone,  of  appreciable  pitch.  This  tone  is  held  to 
be  middle  F  of  the  pianoforte— which  raay  therefore  be  considered  the 

Noise. — The  distinctive  character  of  mere  noise  is  determined  by 
the  nature  and  duration  of  the  irregular  vibrations  causing  it.  If  these 
vibrations  are  short  and  single,  the  effect  is  that  of  a  crack,  or  an  abrupt 
eaploflion,  as  in  the  snapping  of  a  whip,  or  the  explosion  of  cannon. 
If  they  are  continuous  and  prolonged,  the  effect  is  that  of  a  rattle,  ot 
rumble,  like  the  rolling  of  thunder,  or  the  noise  of  carriages  over  a 
stony  road. 

Musical  soundB. — Sound,  in  a  musical  sense,  or  tone,  is  the  sensa- 
tion produced  bj  a  series  of  equal  atmospheric  vibrations.  Noise  ia 
the  sensation  produced  by  unequal  vibrations.  If  we  throw  a  single 
■tone  into  the  centre  of  a  placid  lake,  a  single  wave  circles  off  to 
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thp  share ;  such  is  the  effect  upon  the  air  when  ft  toTie  id  produced. 
If  a  handful  of  pebbles  is  thrown  into  the  lake,  each  separate  pebble 
producea  its  own  circle,  these  circles  intersect  each  other  and  become 
confused  to  the  eye :  such  is  the  effect  upon  tbe  air  when  a  noise  is 
produced.  Pulling  the  string  of  a  harp  would  correspond  to  the  single 
stone  thrown  into  the  lake:  striking  a  table  or  chair,  where  the  sepa- 
rate fibres  of  the  wood  vibrate  unequally,  would  correspond  to  the 
handful  of  pebbles. 

A  ohurch-bell,  to  a  cultivated  ear,  ia  noiay,  or  musical,  according  as  the  IcneB 

eioally  considered)  diaso 


cords,  the  bell  will  b 


bellw 


Agaii 


1,  if  in  these  eon 
lerful ;  if  they  be  ■ 


"  the  bell 


336.  All  bodies  pioduclng;  sonnd  are  in  vibration. — If  the 
EODorou3  body  is  solid,  and  presents  a  large  surface,  aa  a  bell-jar,  tbe 
vibrations  may  be  shown  by  suspending  a  small  ivory 
bail,  i,  by  a  thread  in  the  interior  of  the  jar  A  B,  in- 
clined in  the  position  seen  in  fig.  272.  When  the  jar 
resounds  with  a  blow,  the  ball  is  thrown  from  tbe  sides, 
aa  shown  by  the  dotted  line,  and  returning,  is  again 
thrown  o£f,  and  so  continues  bounding,  in  consequence 
of  the  vibrations.  A  touch  from  the  hand  a 
vibratory  movement  in  the  glas 
and  the  ivory  bj 
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the  tube  [a  mdai  point],  bnt  iibove  or  feeluw  this  point  it  vibrotos,  ond  mow 
■IroDglj  aa  it  ia  furtlicr  rcmoyed  from  the  centre. 

337.    Sound  propagated   by  -wavea, — Sound  is  propagated   by 
wavea  of  condenaation  and  rarefactioo  (330),  as  shown  in  fig.  274.    The 
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medium  until  it  reaehea  the  ear,  by  which  the 
perceived. 

338.  Co-ezistence  of  sound --wavea. — Many  Gounc 
mitted  simultaneously  in  different  directions  by  the  sam 
out  destroying  each  other,  all  the  sounds  penetrating 
space  without  modification.     In  complicated  eymphonii 


wards.     Mo- 

of  sound  ia 

may  be  trans- 
medium  with- 
id  crossing  in 
is,  a  practiced 
ear  readily  distinguishes  the  sound  of  each  instrument.  A  very  intense 
sound  may  overpower  a  feeble  sound,  aa  a  loud  noise  renders  the  human 
voice  inaudible. 

339.  Sound  is  not  propagated  in  a  vacuum.— The  ribrations  of 
elastic  bodies  do  not  produce  an  impreaaion  on  the  ear,  unless  there 
exists  between  this  organ  and  the  sonorous  body  an  uninterrupted  elas- 
tic medium,  vibrating  with  it.  This  medium  ia  ordinarily  the  atmo- 
apheric  air,  but  other  gases,  vapors,  liquids,  and  solids,  transmit  sound, 
and  generally  with  a  facility  varying  with  their  density. 
To  prove  that  sound  ia  not  propngated  in 
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340.  Sound   Is    propagated  In   all   elastio  bodies.— 

esperiiuent  just  des-ribed,  the  vacuum  is  supplied  with  h 
(denaity  0.0692),  or  auy  gas  of  less  <3en5ity 
than  atmospheric  air,  a,  sound  nill  be  ti 
mitted  from  the  bell,  very  feeble  for  the  hy- 
drogen, and  increasing   as  the  gas  i 
dense.   In  like  manner,  a  person  whos 
have  been  filled  with  hydrogen   gaa,  utters 
only  a  shrill  piping  sound. 
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341.  Hearing  is  a  sense  depending  upon  the  ear,  a  beautifully  con- 
structed instrument,  designed  to  gather  in  the  vibrations  of  the  sur- 
rounding air.  This  vibratory  movement  is  communicated  to  the  aeoustio 
nerve  by  the  aid  of  organs  which  will  be  described  in  detail  at  the  close 
of  this  chapter. 

342.  Time  Is  required  for  the  transmisaion  of  sound. — Expe- 
rience testifies  to  the  truth  of  this  statement.  We  hear  the  blows  of  a 
hammer  at  a  distance  a  very  sensible  interval  of  time  after  we  see  them 
struck.  An  appreciable  time  elapses  after  we  see  the  flash  of  a  canuon, 
at  a  little  distance  from  us,  before  we  hear  the  explosion.  The  report 
of  the  meteor  of  1783  was  heard  at  Windsor  Castle  ten  minutes  after 
its  disappearance. 

343.  The  velocity  of  all  sounds  is  the  same.*— The  velocity  of 
sound  is  the  space  that  it  traverses  in  a  second.  Tlieory  demonstrates 
that  the  velocity  of  the  vibrations  of  si 
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diiini,  is  the  same  for  al!  sounds,  griive  or  sharp,  strong  or  feeble,  and 
whatever  mny  be  their  pitch.  Observation  eonfirms  this  result,  at  leaab 
for  those  distances  at  which  oiperiments  have  been  made.  There  is  no 
confusion  in  the  effects  of  music,  at  whatever  distance  it  may  be  Jieard. 
If  the  different  cotes  BimnltiiDeonslv  prodafed  by  the  Tarioas  mst.rutnetits  of 
>□  oroLeatifl,  moved  with  different  valoeities,  they  wonld  be  heard  by  a  distant 

its  immedialB  vicinity,  would  prodoce  only  discords.  M.  Biot,  in  playing  an 
»ir  upon  a  flute  at  the  ei'remity  of  a  pipe  of  the  aqneduot  of  Paris,  found  that 
the  Bounds  came  to  tbe  other  end,  having  esactly  the  same  interval,  demon, 
■trating  that  the  different  sounds  travelled  with  the  same  velocity. 

344.  Telocity  of  sound  in  air. — Numerous  experiments  have  been 
made  for  eatimnting  the  velocity  of  sound ;  that  is,  the  space  that  it 
travels  over  in  a  second.  Tbe  most  extensive  and  accurate  system  of 
experiments  were  those  made  in  1822,  by  the  Board  of  Longitude  of 
France,  conducted  by  Messrs.  Prony,  Arago,  ITamboldt,  Gay  Lussac, 
and  others. 

Two  pieces  of  cannon  were  nsed,  one  placed  at  Muntlb6ry,  tbe  other  at  Moiit- 
martrc,  between  which  the  distance  ia  18,612  m.  [=  Bl, 063-8  feet),  or  more  than 
ten  miles.  The  discharges  were  reciprocal,  so  as  U>  avoid  the  influence  of  the 
wind.  At  each  station  were  numcious  observers,  furntebed  with  chronometers, 
who  notJeed  tbe  time  between  the  appearance  of  the  light,  and  tbe  arrival  of  the 
sound.  This  time  may  be  called  that  which  the  sound  requires  to  pass  from  one 
station  to  another,  for  the  time  occupied  by  tbe  passage  of  tbe  light  between 
the  two  points  is  wholly  inappreciable.  The  mean  lime  required  to  transmit  the 
Boand  was  54-6  seconds.  By  dividing  the  distance  between  the  two  stations  by 
this  number,  tbe  velocity,  per  second,  is  obtained.  The  velocity  of  sound  at 
81°  F.  (16°  C),  that  being  the  temperature  of  the  atmosphere  during  the  ex- 
periment, is  1118'3  feet  (SiO'SS  m.),  (for  61,063-8^  M-6  =  1118-3  4-) ;  or  at 
tbe  temperature  of  32°  F.  it  would  be  about  10861  feet 

Messrs.  Bravais  and  Martin,  in  1844,  have  determined  that  tbe  velo- 
city of  sound  between  the  summit  and  base  of  the  Faulhorn  (a  lofty 
mountain  in  the  Swiss  Alps)  is  the  same,  whether  ascending  or  deiscend- 
ing.  and  that  it  is  1090'47  feet  per  second  at  32°  F. 

It  bas  been  determined,  1.  That  tbe  velocity  of  sound  decreases  with 
the  temperature  ;  at  50°  F.  (10°  C),  it  is  1106-091  feet  (337  m.)  So 
that  as  the  temperature  is  lowered,  sound  diminishes  in  velocity  about 
one  foot  and  a  tenth  for  every  degree.  2.  That  at  tbe  same  tempera- 
ture the  velocity  of  sound  is  not  materially  affected,  whether  tbe  sky  is 
bright  or  cloudy,  tbe  air  clear  or  foggy,  the  barometric  pressure  groat 
or  small,  provided  tbe  air  is  tranquil.  All  of  these  circumstances, 
however,  exert  a  great  influence  on  tbe  intensity  of  tbe  sound  as  it 
reaches  tbe  ear  from  a  given  distance.  Fogs,  snow,  &c.,  prevent  the 
free  pro'iagation  of  sound,  but  do  not  materially  affect  its  velocity.  3. 
Thnl  Us  velocity  varies  with  thi'  velocity  and  direction  of  tbe  wind. 
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343.  Velocity  of  sound  lu  different  gases  and  vapors.— The 

Telocity  of  sound  in  the  different  gases,  is  in  the  inverse  ratio  of  the 
square  root  of  their  densities. 

Dulong  haa  determined  bj  calculation  the  Telocitj  of  aonnd  in  the  following 
gases,  at  the  temperature  of  32°  P.  Curhonio  acid  860  feet  (262  m.),  oifgen 
10*0  foet  (317  m.),  olofiant  gaa,  1030-2  feat  (3U  m.),  ftir,  10B2-54  feet  (333  m.), 
carbonic  oiyd,  1ID5  6  feet  (33r  m.),  and  hydrogen,  4163  feet  (1239  m.),  each 
in  a  second.  The  theoretical  relocit?  of  sound  in  vapor  of  alcohol  at  140°  iir 
882  feet,  in  vapor  of  water  at  IW  is  1347  feet.  The  observed  velocities  are 
generally  not  very  far  from  those  given  by  calculation. 

346.  Calculation  of  distances  by  sonnd. — The  known  velocity 
of  sound  per  second  (1118  feet),  enables  us  to  obtain  a  close  approii- 
niation  of  the  distance  of  the  sonorous  body.  This  follows  as  a  conse- 
quence of  the  very  esperiments  (344)  by  which  the  velocity  of  sound 
was  determined.  From  the  known  laws  of  falling  bodies  (71),  we  may 
also,  with  the  aid  of  the  known  velocity  of  sound,  obtain  an  approxi- 
mate estimate  of  the  height  of  a  precipice,  or  the  depth  of  an  abyss, 
from  the  time  occupied  by  the  sound  of  any  projectile,  let  fall  from  the 
hand,  in  reaching  the  ear. 

347.  Velocity  of  Boaude  in  liquids. — Sound  is  eonvejed  through 
liquids  as  well  as  through  gases.  The  velocity  of  sounds  in  liquids 
is  much  greater  than  in  air.  In  1827,  Messrs.  CoUadon  and  Sturm, 
eiperimenting  upon  the  velocity  of  sound  in  the  Lake  of  Geneva,  found 
it  to  he  4708  feet  (1435  m.)  per  second,  or  about  four  and  a  half  times 
greater  than  in  air,  at  the  temperature  of  46'6''  F. 

Agitation  of  the  natflr,  liquids.  Ac.,  did  not  affect  either  the  rapidity  m 
Intensity  of  the  aound.     But  the  interposition  of  solid  bodies,  Buch  as  walls,  or 

the  same  degree  in  air  (350). 

348.  Velocity  of  sounds  iti  solids. — Sound  is  transmitted  hy 
solid  bodies  with  much  greater  rapidity  thai*  bj  air,  but  by  ao  meaoB 
with  equal  velocity,  varying  much  with  the  elasticity  and  density  of  the 
different  solids,  as  well  as  their  homogeneity  and  uniformity  of  structure. 
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imenta  were  made  by  nasaenfiala 
I  of  the  galleries  of  the  oatacombg 
ing  the  interval  of  time  between  the  arrival  ;f  a 
and  of  that  tranamitled  by  the  air  of  the  gallery. 
Were  the  earth  and  ann  connected  by  an  iron  bar,  nearly  three  years  would 
elapse  before  the  sound  of  a  blow  applied  at  the  sun  could  reach  the  aarth. 

The  velucity  of  the  propagation  ot  aound  has  been  determined  theoretieallj 
by  Sarart,  Cbladni,  Maisou,  and  Wetlheim,  ftom  the  nnmher  of  longitudi. 
nal  and  tranByerso  vibrations  of  the  bodies,  or  their  eoePoient  of  elastioity. 
Cbladni  found,  by  the  aid  of  lODgitudinal  Tihratluns,  that  in  wood,  the  teloeity 

city  ia  more  variable,  being  from  four  to  sixteen  times  as  great  as  in  air. 
349.  Interfereijce  of  sound. — When  two  series  of  sonorous  undu- 
■  each  other  in  opposite  phases  of  vibrotion,  the 
iaterfereace  are  produced.  The  uiidulp,tiona  will  became 
mutuallj  checked,  and  if  the  two  sounds  are  of  equitl  intensity,  instead 
of  producing  a  louder  sound,  as  might  be  expected,  thej  will  altogether 
destroy  each  other  and  produce  silence.  If,  however,  one  of  the  sounds 
oeaseB,  the  other  ia  heard  immediately. 
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350.  AcouBtlc  shadow. —  Persons  cutoff  frm  ob- 
servation bj  a  wall,  or  other  obstacle,  still  hear  HOunda 
^iatinctJy,  altiiough  \^itb  a  diminished  volume.    Thus  a,  band  of  pusia 
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in  an  adJAcent  bouse,  or  aeighboriDg  street,  is  'eadil;  foUo^red  in  the 
softest  melody.  Intervening  obstacles,  therefc-e,  however  opaque  to 
light,  do  not  cast  perfect  shadows  to  sound.  The  sound  is  not  entirely 
cut  off,  because  the  obstacle  is  elastic,  and  propagates  the  vibrations  it 
receives  in  a  manner  analogous  to  light  passing  tlirough  a  translucent 
medium. 

To   a,  distant  observer,  the  roar  of  a  railway  train  is  inalantly  hushed  on 

Acoustic  shadows  are  much  more  distinctly  recognised  when  large 
masses,  as  edifices  or  rocks,  intervene;  so  large  aa  not  to  enter  into 
vibration. 

Although  there  is  not  complete  silence  in  the  acoustic  shadow,  still  it 
18  analogous  to  the  shadow  of  light,  for  there  is  never  complete  obsourity 
in  the  latter  case,  even  when  we  take  the  utmost  precaution,  for  the 
light  spreads  behind  tho  obstacles  which  arrest  it. 

351.  Distance  to  which  sound  may  be  propagated. — The  dis- 
tance at  which  sounds  are  audible  does  out  admit  of  precise  measure- 
ment. In  general,  it  may  be  stated,  that  a  sound  will  be  heard  further, 
the  greater  its  original  intensity,  and  the  denser  the  medium  in  which 
it  is  propagated  It  also  depends,  greatly,  on  the  delicacy  of  hearing 
d  ff  d     d  als.     The  intensity  of  sound,  li&e  that  of  all  forces 

ftcti  g    n  d    linishes  in  the  inverse  ratio  of  the  squares  of  the 

d   ta  nding  body.     Thus,  if  the  linear  dimensions  of  a 

h  d  the  volume  of  the  performers'  voices  at  any  part  of 

h  m  will  be  diminished  in  a  fourfold  proportion. 

T  ff  of  tha  agitating  impression  is  the  true  canse,  is  shown  by 

li  I  Bides  in  a  tube.    Biot  enperimented  with  2860  feet  of  the 

w  P  At  tbis  distaBce  the  lowest  whisper  made  at  one  end  wa* 

6  other  eitremity  ot  the  tube. 
A  ra       voice  in  the  open  air,  at  the  ordinary  temperature,  is 

B  of  seven  hundred  feet.     In  a  frosty  air,  uddiatur!>ed  hj 

di  Forstet,  io  the  third  polar  expedition  of  Capt.  Parry,  lield 

w  man  across  the  harbor  of  Port  Bowen,  a  distance  of  one 

and  a  quarter  miiee.  Dr.  Young  states,  on  the  anthority  of  Dcrliam,  ibat  the 
watcliword  "all's  well"  has  been  distinctly  heard  from  Old  to  New  Gibraltar,  ■ 
distanoe  of  ten  miles.  The  malebing  of  a  company  of  soldiers  may  be  heard, 
on  a  still  night,  al  from  Eve  hundred  and  eighty  to  eight  hundred  and  thirty 
paces;  a  sqnadron  of  cavalry  at  foot  paoe,  at  seven  hundred  and  fifty  paeea; 
trotUng,  or  galloping,  one  tbonaand  and  eighty  paces  distant.  When  the  air  is 
«alm  and  dry,  the  report  of  a  musket  is  audible  at  eight  thonsjnd  pacoi.     Tho 

Sounds  travel  further  on  the  earth's  surface  than  throngh  the  atmosphere.  Thus 
It  is  said,  that  at  the  9ie-e  of  Antwerp  in  1833,  ihe  cannonading  was  heard  in  the 
mines  of  Sas'ny,  which  are  about  three  hundriid  and  seventy  miles  distant.     Tha 
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rd  feelily  in  Ibe  open  fields  near  Drei- 
of  the  fortiiicatinna  it  was  heard  with 

in  the  English  and  the  Dotcb 
two  hundred  miles.     Sound 

.  of  three  hundred  iind.forty- 

t hough  mULh  more  extraor- 
oecasional  paruxjtms  were  beard,  ho  says, 

352,  Kefleotion  of  eoand. — When  the  waves  of  air  on  which  sound 
U  lieing  borne  impinge,  in  the  course  of  their  expaosion,  on  a  solid 
surface,  thej  will  be  reflected  from  it,  agreeably  to  the  laws  regulating 
the  impact  of  solid  bodies  (112).  Their  return  is  made  with  equal  velo- 
city, and  under  an  equal  but  opposite  angle  to  that  under  which  Ibej 
BdTauced. 

plane  surface,  a  0,  separating  two  media  of  difi'erent  density,  a  purlion  of  tha 
Bound  will  be  refleeled  as  though  it  emanated  from  277 
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353.  Echo. — An  echo  is  tbe  repetition  of  a 
sound  reflected  by  a  sufficiently  distant  object, 
so  that  the  reflected  is  not  confounded  with 
the  direct  sound. 

Tbe  ear  cannot  distinguish  oui 
ther,  unless  there  is  an  interval 
■econd  between  the  arrival  of  the  two  sounds.  Sounds  must,  therefore,  sneceed 
each  other  at  an  interval  of  one-ninth  of  a  second,  in  order  to  be  heard  dis- 
Hnctlj.  Now  the  velocity  of  sound  being  eleven  hundred  and  eighteen  feet  a 
lecond,  in  one-ninth  of  a  second  the  sound  would  travel  one  hundred  and  tvtenty- 
four  feet. 

To  have  a  perfect  echo,  therefore,  the  reflecting  surface  must  be  at 
least  aistj-two  feet  from  the  sounding  body.    (62X2  =  124.)    If  we 
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speak  a,  Beiitence  at  the  distance  of  sistj-two  feet  from  the  reflecting 
Hurfiice,  wc  Kiiall  hear  the  echo  of  the  last  syllable  only.  If  twice, 
thrice,  or  four  times  the  distance,  two,  three,  or  four  of  the  ajUables 
will  be  echoed,  the  direct  sounds  and  i-eflected  sound  of  the  other  syl- 
lables of  the  sentence,  being  confounded  irith  each  other.  If  the  re- 
flecting surface  is  at  a  less  dislnnce  from  the  sounding  body  than  sixty- 
two  feet,  th  d'  t  d  d  th  fi  oted  sound  become  confused,  so 
that  words  d  to  t  b  h  d  distinctly.  The  original  sound 
wKI  then  be  f  rol  d  d  t  gth  ed ;  an  effect  which  we  express 
by  saying  th  If  tl  distance  is  comparatively  small, 
aa  in  a  comm  1  m  th  ds  reflectcii  from  the  walls,  the 
ceiling  and  th  fl  h  th  t  almost  exactly  the  same  time  aa 
the  direct  s  d  d  th  pp  t  p  wer  of  the  voice  is  strengthened, 
besides  pre  {,  t  d  1  acy  Wh  re,  however,  the  apartment  is 
larger  the  d  t  bo  d  ly  p  t  lly  coincides  with  the  reflected 
sound,  and  1  f  ses.  Voices  are  heard  in  a  re- 
markably sonorous  manner,  in  large  apartments  with  hard  walls,  while 
draperies,  hangings,  carpets,  Sk.,  about  a  room,  smother  the  sound, 
bei^ause  these  are  bad  reflectors.  A  crowded  audience  has  a  similai; 
effoLt,  and  increiseB  the  difiiouUy  of  speaking,  by  presenting  surfaces 
unfavorable  to  reflcLtion. 

354  Repeated  eohoea.— Repeated  or  multiplied  echoes,  are  those 
which  repeat  the  same  sound  many  times.  This  happens  when  two 
ubataLlea  are  placed  Opposite  U)  one  another,  as  parallel  walls,  for 
example,  whn,h  reflect  the  sound  successively. 

A  striking  and  beautiful  effect  of  echo  is  produced,  in  certain  locali- 
ties, by  the  bwiss  raountaioeers,  who  contrive  to  sing  their  Ram  det 
ViKhes  in  such  time,  that  the  reflected  notes  form  an  agreeable  acconr 
paniment  ia  the  air  itself. 

Tbere  is  a  eurptising  echo  bei.ween  two  barns  at  Belvidere,  Allegheny  couDty, 
N.  T.  It  repeals  eleven  timcB,  a,  word  of  either  one,  two,  or  throe  Byllablea,- 
and  haj  been  heaid  to  repeat  it  thirleen  times.   By  placing  oneself  in  tho  centrfl, 

and  a  monoajllable  is  thus  repealed  twenty-two  timos. 

At  Adeinach,  in  Bohemia,  there  is  an  echo  which  repeats  seven  syllable) 
three  times;  at  Woodstock,  in  England,  there  is  one  which  repeats  a  sound 

tho  Villa  SmionetU,  near  Milan,  is  said  to  repeat  a  sharp  sound  thirty  tiinej 
audibly. 

Tho  most  oelebrated  echo  among  the  ancients,  was  tliot  of  the  Metelli  at  Eomo, 
which,  according  to  tradition,  was  capable  of  repeating  the  Qrst  line  of  the 
Maeid  containing  fifteen  syllables,  eight  times  distinctly. 

355.  Chaage  of  tone  by  echo. — Dr.  Chas.  O.  Pago  deienhes  an  eebo  in 
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:r  thirds,  fifths, 

356.  ■Whispering  galleries.— Whispeiin^  galleries  are  so  called, 
because  a  low  whisper,  uttered  at  one  point  m  them  may  be  lieanl 
diBtiiicllj  at  another  and  distant  point,  while  it  js  inaudihle  in  other 
positions. 

Such  galleries  are  a!waj3  domed,  or  of  ellipsoidal  shape;  the  best  form  li 
tliat  of  the  ellipsi ''"'' 


it  the  other  foci 
0  tiie  point 


Q  tba  ; 


upon  the  val!9,  are 

wy  other  position,  a  feeble  sound,  or  none  at  all,  will  be  nei 

part  of  the  refleeted  sound  will  raacb  the  ear  at  one  time.     ( 

One  of  the  halls  of  the  museum  of  antiquities,  of  the  Lo 

nisbes  an  eiample  of  such  an  apartmeot.     la  tha  dome  of 

a  fine  whispering  gallery.     The  pi 

New  York,  is  of  a  aimilar  eharacl 

mple  of  c0Qf1i9ed  echoes. 

igraas,  at  Washington,  and  the  ' 


ihington,  ii 


.Ian  las 


isigned 


,a  eiahori 


leries  of  esperim 


Saehe,  by  oi 


■  of  the  gi 


nndertaken  by  Profs.  Henry  and 

of  which  are  recorded  by  the  former,  in  the  rrocecmngs  oi  tne  jimcrieun  At 

oiation  for  1866,  p.  119,  and  Smithsonian  Report  for  1859,  p.  221. 

357.  Hefraotion  of  aoniid. — Although  sound  is  reflecMd  by  s 
BurfaGO  of  different  donsitj  from  that  in  which  2TS 

it  originates,  the  sound  also  enters  the  second 
medium  by  means  of  new  iibrationa  origi- 
nating at  the  interposed  surface 
.acn  (345,  34T)  that 


t  the 


irigmati 


at  S,  fig  278,  meet  with 
1  "ound  mores  slower  than 
e  the  surface  of  Che  second 


the  VI 


,t  that 


<i  be  tl 


Willi 


,  and  tbi 
will  enter  the  second  medium  in  the  direo 

its  direction  in  the  first  medium. 

For  a  fnllet  disonssion  of  the  laws  o 
UOD,  see  the  chapter  on  Optics. 

The  phenomena  of  refraction  of  sound  are 
aocordance  with  theory.  The  researches  of  P< 
MD  and  Qiaen  bare  placed  this  beyond 
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ioli.>™„,fig. 

219,  waj 

■>(!.« 

0  films  of  aoUodioQ, 

,miM 

at  tba  edf 

res  by  i 

1  rim  of  iron. 

That( 

fHBni 

I  u.  were  made  Bpher 

ieally  . 

convoi,  an 

id  wher 

I  inflated,  the  . 

instrnm. 

the  Ic 
those 

,rm  of  a  lens,  like 
employed  in  opti- 

21) 
"A. 

»ppat 
menm 

■atue  was  fined  witb 
Die    wid    gas,    by 

^.^ 

'Zl 

'fp^ 

==>, 

surfaces  m  and  «.  Whan 

an  observer   placed   bis 

ear  on  the  opposite  side  in  the  nxis  of  the  lens,  Uie  ticking  of  the  natch  n 

diEtJnctl;  heard,  if  at   a  proper   distance  from   the  lens :    this    distance  n 

less  in  proportion  as  tlie  watch  was  farther  remored.     If  the  lens  was  rais 

]p,  the   sound  ceased  to  he  heard;   and  the  r< 


ooved  fr 


is  8  r.  : 

ling  like  a  flute,  id 


sad  of  the  < 


To  comprehend  how  these  experiment 
we  must  refer  to  the  principles  of  optics 

338.  The  speaking-trumpet  ia  an  instrument  employed  to  convey 
the  Yoice  to  a  groat  distance.  Thia  instrument  consists  of  a  conical 
tube  0  P,  fig.  280,  terminated  by  a  bell-shaped  estremity,  P.  At  0 
ia  a  mouth-piece  which  surrounds  the  lips  without  interfering  with 
their  movementa.      The  trumpet,  it  is  said  by  history,  was  used  by 


Alexander  the  Grctt  for  eommaniiing  his  army.  At  the  present  day 
it  is  employed  at  sea  to  cause  the  voice  of  the  commander  to  be  heard 
above  the  n:>ar  of  the  winds  and  waves.  On  land  it  is  used  by  firemen. 
To  explain  the  augmentation  of  sound  by  the  trumpet,  it  was  formerly  sup- 
posed that  the  sound  was  reflected  by  the  sides  of  the  trumpet,  so  that  the  vibra- 
tiaiu  issued  in  the  direction  of  the  axis  of  the  iuatrumeDl,  and  that  tJiis  eSec) 


db,  Google 


THE   THREE   STATES  OF   MATTER. 


of  the  nails  of  (he 


The  expli 
thef 


ion  bj  tefleQlion  ol 
extremity  has  com 
should  he  without  effect.    ( 


fa  of  sound  i 


iH^mi 


n  the  theory  of  relleo- 
cal  form  should  he  nil 
be,  with  a,  bell-sha.pGd 


e  ooQtrarj,  the  i 
importBot,  bat  HajseDfrati  has  shown  that  a  oylindrica!  tube,  w 

ioterior  of  the  trumpet  is  lined  with  cloth,  ao  that  the  roflecti 
feeble  or  almoat  noil,  the  intoosity  of  the  sound  transmitted  ron 
We  may  add  that  the  sound  transmitled  through  a  apoaking-truB 
not  merely  in  the  dire  ition  to  which  it  is  pointed,  but  in  every  d' 
the  oitremity  is  bell-abapod  or  othcrwiae.  The  effioa«y  of  the  tmmpot  la,  luero- 
fore,  not  duo  to  the  reflection  of  sound  from  ila  walla,  but  simply,  aa  slated  by 
Hasaenfrati,  to  the  grealer  intensity  of  the  pnUations  produced  in  the  eolnmn 
of  cooEned  air  which  yihral«B  in  unison  with  tha  voice  at  the  mouth-pieoe.  A 
ia  produced  by  the  bell-shapod  extremity  of  the  trumpet,  but 


on,  whether 


the: 


irily  cxplaii 


359.  Eai-trumpet. — The  hearmg-trumpet,  fig.  281,  intended  to 
assist  porsonB  hard  of  hearing,  is  in  form  and  application  the  reverse 
of  the  epeaking-trumpet,  although 
of  a  conical  tube,  turned  in  an; 
convenient  direction,  so  that  the 
opening,  o,  may  entir  the  c  ir 
The  strengthening  of  the  soun  J 
b;  this  instrument  was  formerly 
attributed  to  reflection  of  sonjrjus  waves  caused  to  converge  to  the 
eaJ",  and  it  was  sought  to  obtain  the  form  most  fnvorable  to  fulfill  this 
condition ;  thus  the  cone  vca**  repK<.ed  by  a  paraboloid,  having  its 
focus  at  the  point  o.  But  these  different  forms  have  uu  effect  upon  the 
result.  Moreover,  the  nature  of  the  walls,  and  the  condition  of  the 
interior  surface,  whether  rough  or  polished,  or  lined  with  cloth,  has  no 
effect  upon  the  intensity  of  the  sound.  The  only  essential  condition  is 
that  the  exterior  opening  should  be  greater  than  that  which  enters  tha 
oar.  The  effect  of  the  ear-trumpet  is  explained  aa  follows ;— The  por- 
tions of  compressed  or  dilated  air,  which  arrive  at  the  exterior  opening, 
transmit  their  compression  or  dilatation  to  portions  of  air  smaller  and 
smaller,  and  consequently  transmit  it  with  increasing  intensity.  In 
this  manner  the  portion  of  air  at  o  receives  and  transmits  to  the  mem- 
brane of  the  tympanum  a  compression  or  dilatation  of  much  greattir 
intensity  than  in  the  absence  of  the  instrument.  Holding  the  hand 
concave  behind  the  ear,  as  deaf  persons  are  seen  to  do,  concentrates 
sound  in  the  manner  of  an  ear-trumpet.  The  form  of  the  external  ear 
in  animals  favors  the  collection  of  sound. 
360.  The  airea. — This  ingenious  instrument  wa."  invented  by  M. 
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Cagniard  da  Latour.  for  the  purpose  of  ascertainiDg  the  number  of 
vibratiiins  of  a  aonorous  body,  corresponding  U>  any  proposed  mnsieal 


ft  III  .rass.   It  o»nsisl3  of  a  tubo,  0,  about  four  innbei 

i  ,       II  ^  looth  circnlai  ptaM,  B,  flg.  234,  nbich  eonlama, 

at  regular  intervals  naar  its  circumfcrcncD,  small  holes,  wh^ch  are  pierced  through 
the  plate  in  an  obliqne  direction.  Another  plat«,  A,  turning  rery  easily  upon 
Ita  iLxiB,  is  placad  as  near  as  poa^ible  to  B,  nithont  being  in  contact  with  it.    This 

When  a  oorrent  of  sir  arrives  from  the  bellows,  it  passes  through  the  Soles 

direction  n.  A,  fig,  233.  As  the  upper  plate  revolves,  the  current  of  air  is  alter- 
nat-ely  cut  oS,  and  renewed  rapidly  by  the  constantly  changing  position  of  the 
holes.  In  consequence  of  this  interruption,  when  the  platfl  A  moves  with  a 
uniform  velocity,  a  series  of  puffs  of  wind  will  escape  at  eqnal  intervals  of  time. 
These  pu9a  will  produce  undulations  in  the  air  surrounding  the  instrument,  and 
when  the  wheel  revolves  with  Bufficient  rapidity,  a  musical  Bound  is  produced, 
which  increases  in  acuteness  as  the  velocity  of  the  wheel  becomes  greater. 

A  counter  (like  that  on  a  gas  met«r)  is  connected  with  the  upper  plate,  b? 
which  tbe  number  of  revolutions  is  indicated.  Pressure  upon  tbe  buttons,  C  D, 
Gg.  284,  causes  the  toothed  wheels  to  he  set  in  communication  with  the  endless 
screw  upim  the  spindle,  T,  The  resolution  of  these  wheels  is  recorded  by  the 
motion  of  the  hands  upon  the  dials  in  fig.  2S2.  To  determine  the  number  of 
vibrations  corresponding  to  a  given  sound,  a  blast  of  wind  is  forced  from  the 
iwllows  into  the  siren,  until  it  gives  a  corresponding  note.  The  hands  on  the 
dials  being  brought  to   their   respective  zeros  at  the  commencement  of  ths 

26* 
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nnmbo:  of  puffs  of  ait  which  have  eaeapod  from  the  revolving  plato,  and  will, 

io  the  aouud  produced. 

The  siren,  with  equal  voloeitj,  gives  the  sanio  sound,  exceptiug  the  timbre,  in 
tbe  different  gases,  and  in  water,  aa  it  does  in  ait,  which  prores,  that  the  height 
of  any  sound  depends  on  the  number  of  Tibraliona,  and  not  on  the  nature  of 
ttio  Bonoroua  body. 

361.  Savart'8  toothed  wheel.— Savart  has  employed  another 
apparatus  to  oount  the  oimiher  of  tibrationa  corresponiiog  to  any 
proposed  pitch. 

It  consists,  fig.  2S5,  of  n  toothed  wheel,  D,  to  be  rerolved  sa  rBenlarly  aa  po«- 
■ible,  hy  means  of  tho  wheel  R,  and  endleas  hand  r.     The  toothed  wheel,  I> 


e  numher  of  vibrati 
re  may  hear  tho  auci 
■lease  the  velocity,  t 


tooth,  the  number  of  vibrations  in 
f  teeth  which  have  atruck  the  tonga 
the  dial  plate,  0,  which  indicatoa  tl 
nultipljing  thia  hy  the  number  of  1* 


tongue,  uid 


362.  Music  halls.— Music  halla,  theatres,  &o.,  should  be  so  con- 
Btruoted  as  to  convey  the  sounds  that  are  uttered,  throughout  tJie  space 
occupied  by  the  audience,  unimpaired  by  any  echo  or  conflicting  souod. 
On  theoretical  grounds,  the  best  form  for  the  walls  would  be  that  of  a 
paraiwla.  Ornaments,  pillars,  alcoves,  vaulted  ceilings,  oil  needless 
hollow  and  piojecting  spaces,  break  up  and  destroy  the  echoes,  and 
resonances.  The  height  of  a  room  for  public  speaking  should  he  not 
more  than  from  thirty  to  thirty-five  foot ;  for  at  this  point,  called  the 
limit  of  perceptibi'ity,  the  reflection  and  the  voice  will  Ijlcnd  together 
well,  and  thus  streugthen  the  voice  of  the  speaker ;  if  it  is  higher  than 
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^  2.  Physical  Theory  of  Music. 
363.  Qualities  of  musical  sounds.— Mug ioal  sound  is  tlie  reeall 
of  equal  atmospheric  vibrations,  conveying  to  the  ear  tODea  of  definite 
and  Hpprecinble  pitch.  The  ear  distinguishes  three  particular  qualities 
in  sound.  1.  The  tone  or  pilch,  m  virtue  of  which  sounds  are  high  or 
low.  2.  The  iiiUnsily,  in  virtue  of  which  they  are  loud  or  soft;  and 
3d,  ^ualiltf  or  timbre,  in  virtue  of  nliich  sounds  of  the  same  intensity 
and  pitch  are  relatively  distiuguishabte. 

1.  Tone  or  pitch. — The  tone  or  piteh  of  a  musical  sound  is  high  oi 
low.  It  dependa  on  the  rapidity  of  the  vibratory  movement.  The  mora 
rapid  the  vibrations  are,  the  more  acute  will  be  the  sound. 

2.  Intensity  or  loudness. ^The  intensity,  or  force  of  sound,  de- 
pends on  the  amplitude  of  the  oscillations ;  that  is,  upon  the  degree  of 
condensation  produced  at  the  middle  of  the  sonorous  wave. 

A  sound  may  maintain  the  same  pitch,  and  yet  possess  greater  or 
less  intensity,  according  as  the  nmplitude  of  the  oscillations  varies. 
Thus,  if  ve  vibiaie  a  tensa  cord,  the  iutenait;  or  loadueES  of  the  tone  will 

3.  Quality. — Qaaliti/  is  that  peculiarity  in  sound  which  allows  us  tc 
distinguish,  perfeuily,  between  sounds  uf  the  same  pitch,  and  the  same 


Taas,  the  sounda  produced  hj  the  fli 


364.  UniBon.— Sounds  produced  by  the  same  number  of  vibrations 
per  second,  are  said  tu  be  in  unison. 

Tliaa,  the  aireu  (380)  and  Savarfs  wheel  (361)  are  in  nniaon  when  we  caura 
ihem  to  malie  the  aame  Dumber  of  vibratiUDS  in  the  enme  time. 

365.  Melody  .^Harmony. — When  the  vibrations  of  a  progressive 
series  of  single  musical  sounds  bear  to  each  other  such  simple  relations 
as  are  readily  perceived  by  the  ear,  an  agreeable  impression  is  pro- 
duced called  melody.  When  two  or  more  sounds,  having  to  each  other 
such  Bimple  relations,  are  produced  simultaneously,  it  is  called  a  chord, 

n  of  chords,  succeeding  each  other  in  melodious  order, 
3  hurmony. 
lake  a  series  of  sounda,  the  ratios  of  whose  vibrations  are  as 
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the  follc.wii.fr  numbers— 1  :2:3:4:5:6:T:8;9:  10— we  jaye  the 
notes  which  will  produce  a  series  of  chorda,  which,  comniencing  with 
the  moat  simple,  will  gradually  become  more  and  more  complioated, 
UDtil  the  ear  can  no  longer  perceive  their  relations ;  when  thia  point  is 
reached,  they  will  cease  to  produce  chords  and  harmony. 

In  sounds  whoso  vibrations  bear  to  each  other  the  relations  of 
1  ■  2  :  4  :  8  :  16,  everj  vibration  expressed  by  the  lower  numbers  cor- 
responds with  similar  vibrations  in  the  higher  series.  The  interval 
between  such  sounds  is  very  great,  and  is  called  an  oclave,  because 
other  sounds  having  simple  relations  may  he  so  placed  between  1  and  2, 
or  4  and  8,  as  to  form  with  the  two  extremes  a  series  of  eight  sounds 
having  agreeable  relations  to  each  other. 

Pig.  286  represents  the   relations  286 

of  Bueh  tones  as  produce  the  must 


It 
Ivf;  vtv 

f.-.-tr.t.v 

■::\:::t 


by  vertical  lines.     On  the  letl  of  the  Fifth 
fignre  are  the  names  applied  to  these      3  ;  2 
intervals,    as    explained    in    section 
371. 

366.   Musical    scale.- Ga-     l"'^ 
mut. — The  tones  forminp  a  me- 
lodious series  between  any  two 
adjacent   sounds   which    ma  as     JIj'"'^,  i 
one  to  two,  are  called  the  musical     ^  ,  ^    ' 
teale  or  gamut. 

It  is  generally  snpposod  that  the 
musical  scale  was  invented  hy  Guidii 
Df  Are^do,  or  according   to   others  Ml°"=-    { 
Ihal  it  was    an    imptovement   upon      "^"^  \ 
the   Grecian    scale,    and  colled    the      ^-^ 
garijil  irota  the  Greek  letter  gamma, 
as  an  acknowledgment  of  the  assistance  be  derived  from  that  nation. 

The  pounds  which  compose  the  musical  scale  or  gamut,  are  Iha 
alphabet  of  music.  They  are  designated,  in  English,  by  the  letters  C, 
D,  E,  F,  G,  A,  B.  In  French  and  Italian,  by  the  words  ut,  or  do,  re, 
mi,  fa,  sol,  la,  si. 

We  may  also  represent  the  notes  of  the  gamut  in  numbers.  Id  order 
to  find  the  relation  which  exists  between  the  fundamental  note,  0,  or 
do,  and  the  othei:  not«s,  the  sonometer,  or  monochord,  fig.  287,  is  em- 
ployed. 
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367.  The  Bonometer  or  monochoTcl  — This  in'trument  15  used  to 
etudj  the  transverse  vibrationa  of  cords  and  by  it  we  ascertain  tbo 
relation  between  the  different  notes  of  the  musical  stale  and,  with  the 
aid  of  the  siren  (360),  the  number  of  vibrations  >j  which  thej  are 
respectively  produced. 

Above  a  cms  of  thin  wood,  a  cord,  or  metttllio  vae  A  D  s  sfrotelicd  over  tha 
poller  ">  ^J  '•"  weights  P,  on  the  pan  m,  fig.  387.     The  raovible  bridge,  B,  can 


287 


be  placed  at  «Dy  desired  point;  and  for  convenienfle  of  adJoBtmeot,  the  scale  ia 
marked  off  beneath  the  wire,  lommeneing  with  C.  The  string,  A  D,  nhen 
vibrating  its  whole  length,  produces  the  note  C ;  in  order  to  produce  the  note  D, 
the  movable  bridge,  B,  must  be  advanced  toward  the  fixed  bridge  D,  until  the 
length  of  the  cord  ia  but  eight-ninths  of  that  whieb  produces  tbe  note  C.  Pro- 
ceeding in  the  enme  manner  for  the  other  notes,  it  will  be  found,  that  the  length 


ding  tc 
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Continuing  to  move 

eighth  aoRod,  the  octsi 

mental  sound.     Upon  ( 

half  as  long  aa  the  ssn 
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sonometer,  it  will  be  found,  that  the 
length  of  oord  half  that  of  the  iuoda- 


L  note  of  which  is  produced  by  the  vibi 
a  fourth  scale. 


368.  Relative  number  of  vibrations  oorteapondinB  *°  each 
note.— In  order  to  ascertain  the  relative  number  of  vibrations  corres- 
ponding to  each  note  in  tbe  same  time,  it  is  sufficient  to  invert  the 
fractions  of  tbe  preceding  table.  ¥ot  bj  the  principles  already  esta- 
blisbed  (309),  tbe  number  of  vibrations  ia  in  inverse  ratio  of  the  length 
of  tbe  string.  Representing,  therefore,  the  number  of  vibrations  cor- 
responding to  the  fundamdutal  note  C,  by  1,  proceeding  as  above,  wa 
form  the  following  table : 

Notes, CDEFGABC 

Relative  nu-nber  of  vibrations,        IfiiiSV^ 
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Which  indicates,  that  in  producing  the  note  D,  nine  vibritioos  are  made 
in  the  same  lime  that  eight  are  made  bj  the  fundamental  note  C.  Sj, 
when  the  note  E  is  sounded,  five  vibrations  are  made  for  four  of  C ;  for 
B,  fifteen  to  eight  of  C,  &o. 

369.  Absolute  aamber  of  vibrations  conesponding  to  eacb 
note.-^By  setting  tlie  siren,  or  Savart's  wheal,  in  unison  with  a  given 
eound,  we  obtain  the  absolute  number  of  vibrations  corresponding  to 
it.  If  we  set  the  siren  in  unison  with  the  fundamental  C,  in  order  to 
obtain  the  number  of  vibrations  corresponding  to  the  other  notes,  as  D, 
we  have  but  to  multiplj  it  bj  the  fraction  |,  Ac.  But  the  fundamental 
C  varies  vtith  the  nature,  length,  and  tension  of  the  cord  of  the  sono- 
meter, and  therefore  the  number  of  vibrations  may  be  represented  hj 
an  infinite  variety  of  numbers,  corresponding  to  the  different  scales. 
The  notes  of  the  scale  whose  gamut  corresponds  to  the  gravest  sound  of 
the  bass,  are  indicated  bj  1.  To  notes  of  gamuts  more  elevated,  are  affixed 
the  indices  2,  3,  &o. ;  to  graver  notes  are  affixed  the  indices  —  1,  —  2, 
£c.  The  number  of  simple  vibrations  corresponding  to  the  note  C,  is 
128,  and  in  order  to  obtain  the  number  of  vibrations  corresponding  to 
the  other  notes,  we  have  hut  to  multiply  this  cumber  by  the  fractions 
indicated  in  (368),  which  gives  the  following  table; 

Notes,         .         :         .         .       C        D       E       F        G        A        B 

Absolute  number  of  simple 

vibrations,       .         .         .128    144    160    ITOJ    192   213J    240 

The  absolute  number  of  vibrations  for  the  superior  gamut,  is  obtained 
by  multiplying  the  nnmbers  in  the  table  successively,  by  2,  by  3,  by  4, 
&c. ;  for  the  lower  gamut,  we  divide  the  same  numbers  by  2,  by  4,  &c. 
Thus,  the  number  of  vibrations  of  A3  is  2L4  X  4  =  856  simple  vibra- 
tions, or  428  complete  vibrations.* 

It  muBl,  however,  be  stated,  that  there  ia  a.  slight  differenca  in  the  aetna] 
number  of  vibrationa  prodnuing  a  particular  note  as  perfurmed  io  diffeiect  cities. 
Thui,  A3  of  the  pitch  adopted  at  different  oreheatras,  which  bj  the  above  labls 
should  be  produced  b;  126|  vibrations,  varies  as  foUowa  : 

Owbestra  of  Berlin  Opera, 43f-32 

Opera  Comiqaa,  Paris, 427'61 

Acadcmie  de  la  Muaique,  Paris, 431'34 

Italian  Opera,  in  18&S, 449 

In  piano-fortBa,  which,  for  private  pntpoaea,  are  gouerallj  toned  below  cuncerl 
pitch,  A3  is  produced  b;  about  12D  vtbiBdone  in  a  second. 

There  has  been  a  onrioua  progresaiva  elevation  of  the  diapason  (pitch)  of 
Oicheatrss,  since  tbe  time  of  Louia  XIV.,  when  the  la  in  the  orchestra  wal 
(aocordiag  t«  Saureur)  SIO  simple  vibtatiooa  (=  405  oompleio  vibrations)  pet 
Beeond;  the  number  at  tbe  grand  opera  is  pow  898,  or  nearlj  a  tone  higher. 
This  rise  baa  taken  place  mainly  in  the  present  century— being  a  aemitono  sine* 
1S23.    Tha  eaases  of  this  change  {which  ia  still  in  progress]  are  doubtlesa  owing 

•  See  Appendix,  p.  668. 
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and  traosmittinj 


tbaa  heated,  a 
diapuisan  is  usi 
Tbis  gradual  c 


id  when  it  afcerwarde  ci 


n.  Juur. 

370.  Length  off 
of  a  BODorous  vibratjon,  if  v 
second.  For,  ilb  sound  tra 
but  one  vibration  ia  made  i 


1118  feet;  if  two  vibrations,  tlie  length  of  each  b 
=  559  feet,  &c. 


uite  sensible  after  the  lapse  of  one  or 

262.) 

— It  is  easy  to  aaeerlaia  the  length 
I  know  the  number  of  vibrations  made  in  a 
els  at  the  rate  of  1118  feet  per  second,  if 
that  time,  the  length  of  the  wave  must  be 


It  be  half  of  1118, 


C.        1093 1024 

371.  Interval. — Interval  is  the  numerical  relation  existing  between 
the  number  of  vibrations  made  in  the  same  time  by  two  sounds,  or  it  ia 
that  which  indicates  how  much  one  sound  is  higher  than  another. 

Musical  intervals  are  named  from  the  position  of  the  higher  note 
counting  upwards  from  the  lower. 
C,  D,  B,    F,    G,    A,    B,  C,  D',    E',    F',     G',    A',    B',    C". 

1.  |.  l   h   h    %    V.  2.   y,    v,    s,     s,    y,    V.    4. 

Ist,  2d,  3d,  4th,  5th,  6th,  7th,  8th.  9th,  10th,  11th,  12th,  13th,  14th,  15th. 

I,  V-  IS.  1.   y*.    h   ih  h    y.   H-     I     V.     I.     il 

In  the  above  tahle  are  given,  Ist,  the  letters  by  which  sueoesaive  notes  ar» 
designated  ;  2d,  the  relative  numbers  of  their  vibrations  aa  compared  wilJi  tba 
lowest  note  ;  Sd,  the  aamei  of  the  nolea  as  compared  with  the  first ;  and  lastly, 
the  intervals  obtained  by  dividing  each  note  by  that  which  immediately  precede! 
It.  It  will  be  seen  that  there  are  but  three  different  intervals  between  succes- 
sive notes  of  tbo  BosLe ;  vii.  |,  which  (being  the  largest  interval  found  in  the 
.calo)  Is  called  a  «.<.jV.r  to^e,  V  called  3  minor  roB^,  and  jf  nhioh  ia  called  ■ 
umiloni,  though  it  is  grealer  than  one-half  of  the  intsrvol  of  either  of  the  other 
tonee.  Tbis  last  is  also  ealled  a  dlaifuic  •eniiioae,  to  distinguish  it  from  other 
divisions  made  for  particalar  purposes.  The  dlEerence  between  a  major  ton* 
aud  a  minor  tone  is  j^  "*' »  major  lone,  Md  is  called  a  comma. 
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';D  =  FQ  =  AB='  |;  miijor  tone. 

DE  =  «A=.  V  ""  If  "f  Bi  minor  tone. 

E  I  =  B  C  =  ^J  =  II  of  IJ  of  |;  diBtome  fcml 

CB  =  FA  =  GB=  fi  major  third. 

E  a  —  A  c  --  B  D'  =  I  =  I J  "f  I ;  "'""'"  "'''■^■ 

miuur  tbird. 

CF=DG  =  EA  =  GC'=  J;  fourth. 


J  =  |iof  J,  sharp  fount. 


CO  =EB  =  FC'  =  QD'  =  AE'  =  a;  fifth. 

DA  —  IS  =  If  of  I;  l;  of  aperfMtfiftb. 

BF'i=  Ifi  KD  inharmonious  iutorval. 

CA=DB  =  FD'  =  GB'=  5;  siith. 

A  F  =  B  G'  -.  j  =  II  »f  S  ;  "™™  ^i^t''- 

FD'  =  ||i  an  inharmonious  interval. 

val. 
I>C'  =  GF'  ==BA'  =3  l^i  flattened  soTontb,  gf  of  J  ;  de- 

oidedlj-  more  harmonious  than  the 

eevenlh.* 
E  D'  =  A  G'  =  I  =  I J  of  V  ;  "inof  »«''^°'l'- 

CC'=  f;oeUve. 

372.  Compound  chords. — Perfect  concord.— It  is  evidently  easy 
to  take  tbree  or  four  notes  whose  vibrations  have  simple  relations  to 
each  other,  and  which  taken  two  and  two  produce  a,  seasation  of  bar- 
mony.     Suoh  combinations  are  callei]  compound  chords. 

If  we  take  the  three  notes  C,  B,  G,  whose  vibrations  are  to  each 
other  as  the  numbers  4,  5,  6,  compared  two  and  two  tliey  give  the 
telationg  J,  f,  f,  which  constitute  by  their  union  three  harmonious 
intervals  called  the  perfect  major  accord.  If  we  take  the  three  notes 
E,  G,  B,  which  compared  two  and  two  give  the  relations  |,  f ,  |,  we  find 
it  differs  from  the  preceding  only  in  the  order  of  the  intervals.  This 
series  is  called  the  perfect  minor  accord, 

37S.  A  ne^  musical  scale. — By  examining  the  preceding  pages  it 
will  be  seen  that  the  relative  number  of  vibrations,  and  the  intervals 
between  different  notes  in  the  common  musical  scale,  are  made  up 
entirely  of  combinations  formed  from  the  three  prime  numbers  2,  3,  5. 
and  it  haa  been  generally  stated  that  relations  founded  upon  the  prime 

•  The  ratio  J  is  claimed  to  belong  to  natural  mueio ;  see  section  (373). 
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7  were  too  complicated  to  be  appreciated  by  the  ear,  or  to  lie  executed 
either  by  the  voice  or  by  instrumeotB.     But  the  use  of  the  prime  seventh 
in  muaic  has  been  recently  pointed  out  by  H.  W.  Poole,  Esq,,  of  South 
DauTers,  Mass.* 
Haltipljiag  tlie  ratios  of  the  ordinary  scale  by  18,  no  have  the : — 


(  With  Common  Chord  rtn  G,  O,  and  F.) 

C,         D,         E,         P,         Q,         A,         B,         C. 

48,        bi,       60,        64,       72,        SO,       90,         9B. 

I.         SP.       4!.         h        V.         f'         }l- 

By  intraducing  the  prime  7,  Mr.  Fools  obtains  a  series  wliicb  be  calls  tbe  ;~ 


(  With  Coinmon  Chord  on  0,  and  Chard  of  7 
E,         (P), 


ff.) 


48,       54,       60,         63,  72,         81,         90,        96. 

I.      V.    H.     h     h      "e-    U- 

elaime'l  that  it  ig  required  to  fill  up  tbe  series  I  to  ID  (365),  aa  all  tbe  otbei 
nnmbeia  up  to  ten  are  nniversally  admitted.  It  ie  farther  elsimed  (bat  it  is  of 
l^quent  use  by  saob  masters  as  Haydeo,  Handel,  in  tbe  "Dead  March  of 
Banl,"  Moiart,  in  tbe  "  0  dolcB  Coooento,"  and  that  it  abounds  in  the  oom- 
positions  of  Rossini,  and  occura  in  all  music,  especially  that  nhich  is  popular 
or  generally  in  favor. 
It  may  also  be  mentioned  that  the  Chinese,  in  their  musical  scale,  employ  tbe 


Batse 


I  of  the  a 


Ritb  us,  nbic 


,  and  B  to  C  as  84  to  96  or  7  to  8,  tb 
>llowing  example  of  harmonics,  risin 
is  taken  from  tba  easaj  of  Mr.  Poole. 


gives 


*    .jm-         -^=j,         -rf^i-  j^  -^3-  -^^- 


^ 


m= 


11 


Hero  we  have  a  series  of  harmonics  beginning  with  tbe  common  chord  C,  E, 
ri,  4,  6,  B,  and  rising  in  the  last  example  to  the  full  abcrd  of  tbe  lOtb,  all  of 
which  can  bo  appreciated,  and  arc  capable  of  giving  a  pleasing  effect  on  an 
instrument  of  perfect  Intonation.     Tbe  full  chord  of  the  10th  contains  tho  fol- 


.0  Math.  Monthly,  II ,  p.  16, 
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Octave. 
0.       1      •  '       1> 

374.  Transposition.— Any  tone  of  the  common  scale,  or  any  pitch 
whatever,  maj  be  taken  aa  the  boaia  of  another  similar  scale,  provided 
the  same  relative  interTals  are  preserved  between  the  sueoeBsive  notes. 
Such  change  is  called  iranaposition  of  tlie  scale.  If  such  a  change  of 
pitch  is  made  on  an  instrument  tuned  to  play  the  natural  scale,  addi- 
tional notes  must  be  provided  in  one  or  more  of  the  intervals  already 
described.  Sui^h  additional  notes  are  called  sharps  {J^)  or  fiaiH  (|>), 
according  as  the  tone  corresponding  to  any  given  note  is  raised  or 
lowered.  When  new  notes  are  interpolated  in  every  major  and  minor 
tone  of  the  natural  scale,  there  are  obtained  twelve  intervals  in  the 
octave,  and  the  series  thus  formed  is  called  the  chromatic  scale. 

When  the  diatonic  semitone,  }f ,  ia  taken  from  the  major  tone,  f,  the 
remaining  interval  is  called  a  ckromalic  semitone.  When  the  diatonic 
semitone  ia  taken  from  the  minor  tone,  V,  the  interval  which  remains 
is  called  the  ffi-ave  chromatic  semitone. 

375.  Temperament. — In  transposing  the  scale,  so  as  to  commence 
on  any  note  of  the  natural  gamut,  it  is  supposed,  in  theory,  that  every 
note  may  be  raised  or  lowered  through  an  interval  of  a  diatonic  semi- 
tone, If.  This  would  involve  the  addition  of  an  inconvenient  number 
of  new  notes;  therefore,  in  the  construction  of  musical  instruments,  it 
is  assumed  that  such  notes  aa  C#  and  J>\)  are  identical,  though  tnej 
are  not  strictly  the  same,  and  are  not  played  alike  on  a  violin  or  harp, 
in  the  hands  of  a  skillful  performer. 

Temiieramenl  ia  a  device  by  which  the  multiplication  of  notea  beyond 
convenient  limits  is  avoided.  For  practical  purposes,  organs,  piano- 
fortes, and  other  instruments,  are  so  tuned  as  to  divide  the  octave  into 
12  equal  intervals,  called  chromatic  semitones,  of  equal  temperament. 
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In  this  sjatem,  nil  the  musical  intervals  etnployeiJ,  eicept  the  octa^ef 
di£For  more  or  less  from  their  true  value,  as  given  bj  theory,  and  a 
demanded  by  the  eultiyated  ear. 


-1/2  =  1.060. 


Minor  semitone,  jj  =  1042,  1 
Miyor  semitone,  ^f  ^  1'067,  , 
Minor  third,  J  =  1-200,      V'^^  1'189. 

Majorthird,  J  =  l-250,       ■V-'2'  =  1'260 

Fifth,  I  =  1-300,      v^2i"=  1-498. 

It  is  here  seen  that  the  minor  Bemitanea  and  major  thirds  are  all  Wo 
sharp,  while  the  major  semitone,  minor  third,  and  the  fifths  are  all  too 
flat. 

Messrs.  H.  W.  Poole  and  J,  Allej  have  invented  an  organ,  on  which 
everj  musical  interval  can  he  correctly  given  without  tempering ;  and 
the  perfect  musical  scale  can  be  performed  in  as  many  different  keys  aa 
may  be  desired.     (Am.  Jour.  Soi.  [2],  Vol.  IX.,  p.  68.) 

The  subject  of  temperament  in  all  its  relations  is  too  estensive  to  be 
treated  in  this  work,  and  we  must  refer  the  reader  to  musical  treatises 
for  further  Information. 

376.  Beating. — -When  two  Bounds  are  produced  at  the  same  time, 
which  are  not  in  unison,  alternations  of  strength  and  feebleness  OM 
heard,  which  succeed  each  other  at  regular  intervals. 

This  phengmenon,  culled  beating,  diseovered  bj  Sayart^  ia  CBlBSj  eiplmned. 
Supposing    that    the    Dumber    oC    vibrutions    of  288 

the  two  souDds  was  3D  and  31 ;  aft^r  30  vibro- 
tioDs  gf  tbe  first,   and  31   0!  Cbe  second,  there 

niLves  not  being  saperimpoBed,  the  effect  would  bs 
less.    If  Ibe  beatings  ape  near  to  each  other,  thera 
ie  produced  a 
tbau  the  two 


3TT.  Diapason,  tuning-foik. — The  dla- 
pa.wn  is  a  familiar  instrument,  with  which 
«e  maf  produce,  at  will,  an  invariable  noie ; 
Its  use  regulates  the  tone  of  musical  instru- 
ments. It  is  formed  from  a  bar  of  steel, 
curved,  as  seen  in  fig.  288.     It  is  often  sounded  by  drawing  through  h 
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a  smooth  rod  of  steel  large  enough  to  spring  open,  the  limbs,  and  in 
vibrations  are  greatly  strengthened  to  the  ear  bj  mounting  it,  as  in  the 
figure,  upon  a  box  of  thin  wood,  open  at  one  end.  A  diapason,  giving 
C3,  or  256  vibrations  in  a  second,  produces  a  sound  comparable  with 
that  troia  an  organ  tube. 


Tbe  dia] 


;  to  428  Yi 


pasona,  armnged  aa  in  fig.  289,  upon  a  aounding-boi,  A  A. 

378.  Sensibility  of  the  ear. — According  to  Savart,  the  most  grave 
note  the  ear  is  capable  of  appreciating,  is  produced  by  from  seven  to 
eight  complete  vibrations  per  second.  When  a  less  number  is  made, 
the  vibrations  are  hoard  as  distinct  and  aueceasive  sounds. 

Ibe  most  acute  mueical  aonnd  reco<rDiBed  was  produoad  ij  H  OOD  complete 
vibrationa  ps      ec     d      =i       rt  m  mt«        li  w  tb  t  th  t  th        tr  ma 

limit  of  the  b  1  ty     f  tb  289 

whloh    is    cai    II        f    w     d    f  I 
training.     Th        m    ph  t  has 


tho  height  of  th  d  prod      d    a^ "  , 

It  his   wheel   m  d     24  000       bra        .  '  I  ....  -.    _■■    I  L. 

tions  inaaedhl  q  bt\,hf  dTh  may, 

therefore,  comp  d    wh    h  act      ly  d        gtb     «      i    fUyb     f     te  v»l. 

Ths  limit  of  perceptible  aound  deponda  on  the  amplitude  of  Iho  Tibratiooa.     By 

between  the  teeth,  more  rapid  vibrations  can  be  heard,     Deapreti  waj  enabled 
to  recognise  aounda  made  by  36,S00  complete  vibrations  per  second. 

Many  insects  produce  aonnds  so  acute  as  to  baffle  the  human  ear  to  diatinguish 
them  I  and  natnralista  aasert,  that  there  are  many  aonnda  in  nature  too  acute  for 
human  eara,  which  are  yet  perfectly  appreciated  by  the  animals  to  which  they 

The  natu.al  la  is  said  to  be  heard  by  rapidly  moving  the  head;  owing  to  ths 
motion  of  the  small  bones  of  the  ear.     See  |  393. 

J  3.  Vibiatlon  of  Aii  contained  in  Tabes. 

379.  Sonorous  tubea. — Mode  of  vibrating.— In  wind  instru- 
ments, with  walls  of  suitable  thicltnass,  the  column  of  air  contained  in 
the  tubea  alone,  enters  into  vibration. 

Tho  material  of  the  tube  has  no  influence  upon  the  pitch,  bnt  afieeta  th» 
quality  (163)  in  a  atriking  and  important  manner.  The  pitch  of  the  aonnd 
produced,  dependa  partly  on  the  aiso  and  situation  of  the  embouchure ;  alill  more 
on  the  manner  of  imparting  the  flrat  movement  to  the  air,  and  partly  also  on 
varying  tho  length  of  the  tnbe  containing  the  column  of  lur.  The  difference  in 
the  quality  of  the  tinea  produced  by  pipes  of  different  materials  b  most  probaMv 
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Sonorous  vibrationa  are  produced  in  tubes  id  a  number  of  wajB. 
1.  By  blowing  obliquely  into  the  open  end  of  a  tube,  as  in  the  .fan- 
dean  pipe.     2.  By  directing  a  current  of  air      ^go  391 
into  an  embouchure,  or  near  tbe  closed  end  of 
the  tube.    Tbene  tubes  are  called  mouth-pipes. 
3,  By  thin  vibrating  laminm  of  metal,  iir  uf 
wood,  called  reeds,  or  by  the  vibration  of  the 
lips,  acting  as  reedi.     4,  By  a  small  flame  of 
hydrogen  gaa. 

380.  Mouth-pipes. — Fig  290  represents 
the  embouchure  of  an  organ  tube,  fig.  201, 
that  of  a  whistle  or  flageolet.  In  these  two 
figures  the  air  is  introduced  by  the  opening,  i 
(called  the  lumHre) ;  fi  0  is  the  mouth,  of  which 
the  upper  lip  is  beveled.  The  foot,  P,  fig.  291, 
connects  the  pipe  with  a  wind-chest.  When  a 
rapid  current  of  air  passes  through  the  inlet, 
it  encounters  the  edge  of  the  npper  lip,  which 


part 

ally 

obstructs  it,  c 

usir 

g  a  Shock, 

60  that  the  air 

passes  through 

bo  i 

intermittent 

man 

ner.     Thes 

pulsations  are 

the  a 

r  in 

the  tube,  making 

it  yibratn,  and  producing  a 

sound. 

In 

orde 

U,  have  X.  pure 

aoun 

,  there  must 

eiist  a  eertftin  re 

stion  betweea  th* 

of  the  hps,  th 

ing  of  the  n 

outh,  and  the  si 

a  of  (ho  InmiSra. 

Agai 

,tiie 

length  of  the  tQ 

ameter.    In  those 

wind 

in  St 

nmenU,  lilfe  th 

fluK 

,  flageolet,  4 

o„  in  which  vario 

duced 

by  the  opening  and 

og  of  holes  i 

their  sides  by  m 

nns  of  fingers  or 

keys. 

is  a  vittual  fo. 

iatie 

n  In  tbe  length  of  tbe  tnbe,  wh 

eh  determines  ths 

pitch 

oft 

e  yarions  notca 

uccd.     The 

nmber  of  vihrati 

thed 

men 

ions  of  the  tub 

and 

the  velocity 

of  the  durrent  of 

381.  Reed-pipes. — ^A  teed  is  an  elastic  plate  of  metal,  or  of  wood, 
attached  to  an  opening  in  such  a  manner,  that  a  current  of  air,  passing 
into  the  opening,  causes  the  plate  t«  vibrate.  This  vibration  is  propa- 
gated to  the  surrounding  air.  Reeds  are  found  in  hautboys,  bassoons, 
clarionets,  trumpets,  and  in   the  Jews-harp,  which  is  the  most  simpi* 


Fig.  292  represents  a  reed  p 
B,  in  one  of  the  «alLB  of  Ihe 
The  case,  H,  aervea  to  etrengtl 
mlcd  from  the  tube.    It  is  con 


noun  led  01 


ised  of  B 


:  of  a  belton 


IS  of  wood,  closed  st  it* 


I  of  copper, 


longitudinal  opening,  designed  to  allow  tbe  poseage  of  tbe  nir  from  tbe  lube,  M  N, 
through  the  orLlice  o.  An  elastic  plale,  1,  almost  closing  tbo  aperture,  i-  confined 
at  its  npper  end.  The  eliding  rod,  r,  curved  at  its  lower  end,  permits  the  regu- 
lation of  the  pitch,  by  alterations  in  the  length  of  the  vibrating  part  of  the  plate. 
When  a  current  of  air  pasaoa  in  tbrongh  the  foot,  P,  tbe  reed  vibrates,  altoi- 
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d  closing  the  aperatute.     The  Tibrations  being  t< 


transmitted  to  the  eiterior  ai 
the  opening  o. 

In   tbia   kind   of  reed,   the 
plate  passes  through  the  aper 
oaC  it«  walls,  and  the  tone  is  t 
piite  and  frco  from  any  harshness.     Tht 
quality  of  the  tone  of  a  reed-pipe  dependi 
much  on  its  figure,  also   upon  the  eon. 
etraetion  of  the  reed,  and  tliE 


the  trumpat,  and  other 

■iniilarinstrnmentB,tha 

■ouod  la  produced  by  /Sfc 

the  Tibration  of  the  lips       J^  I 

of  the  performer,  acting     -^Km 

Ul„..d..  w 

382.   Gas    jet.—  r  ■' 

A  jet  of  hydrogen, 
burned  wichin  a  tall 
tube  of  glass,  or 
other  material,  ocea- 
Bions,  if  accurately 
adjusted,  a  musical 

A  simple  form  of  this  arrangemeat  is  ■<eea  □  fig  94  nhe  e 
rated  by  the  action  of  dilute  sulphur  f  ac  d  on  i  no  n  the  bot  \t 
the  narrow  glass  tube,  within  one  of  larger  d  mens  ons  It  3  b 
gas  from  a  resetsoir,  or  gas  jet,  with  a  liej  interposed,  to  regi 
of  the  flame.  The  eanae  of  the  Tibrations  and  sound  in  this  cai 
in  the  SQCcessiva  explosiona  of  small  portions  of  free  gas,  mingl 
air.  The  heat  occasions  a  powerful  ascending  current  of  a 
BItinguishing  the  flamo,  and  at  the  same  instant  permitting  thf 
atmospheric  oxygen  with  a  portion  of  inaammable  gas.  The 
faindles  this  explosive  mixture,  and  relights  the  jet.  As  these  si 
mena  occur  with  great  rapidity,  and  at  regular  interval!,  the 
quanoe  is  a  musical  note 

For  a  full  discussion  of  the  phenomena  of  singing  flames,  s< 
Prof.  W,  B.  Rogers,  Am.  Jour.  ScL  [2]  xxvi.  1. 

333.  Musical  inBtiumentB. — The  principles  already  expiainod  in 
this  chapter,  will  illustrate  the  peculiar  power  of  the  several  sorts  of 
musical  instruments  in  common  use.  It  is  inconsistent  with  our  limited 
Hpaoe  to  describe,  in  detail,  these  several  instruments.  Such  details 
belong  to  a  special  treatise  on  music.  Musical  in.struments  are  grouped 
chiefly,  under  the  heads  of  wind,  and  stringed  instruments,  and  thoB« 
like  the  drum,  in  which  a  membrane  is  the  source  of  vibration 


be  found 

lantarily 
re  of  the 


c  bj 
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oolot,  Ac  ,  &nd  in  Uie  s( 
I,  Ac  The  orgSD  also 
,  of  all  mueical  insUum 


Tbey  ate  vibratcil  eitbor  by  a  buw,  aa  in  the  vioiiQ,  by  twanging,  as  in  tbe  barp, 
or  by  pereussion,  aa  in  tbe  piano. 

bass,  or  double  drum,  of  muob  larger  dimensions,  and  beaten  og  botb  heads  ; 
and  thirdly,  the  kettle  dram,  a  hemispherical  toebcI  of  copper,  covered  nith 
vellum,  and  supported  on  a  tripod.     This  drum  bas  an  opening  in  the  metallio 

3S4.   Vibration   of   air   in   tubes. — IiSivrs   of   Bernoulli. — The 

foUowiag  laws  of  the  vihration  of  air  oontaiaed  io  tubes,  were  diaci> 
Tered  by  Daniel  Bernonlli,  a  eolebrated  geometrician  who  died  in  1782. 
We  maj  divide  tubes  into  two  classes. 

a.  Tubes  of  which  the  extremity  opposite  the  mouth  is  closed. 

6,  Tubes  open  at  both  estremitios, 

a.   Tubes  of    !    h  Ih       I       ity  opposite  ike  mouth  is  dosed. 

lat.  The  same  b  m  y  produce  different  sounds,  the  number  of 
Ttbrations  in  wh  h  w  11  b  t  enoh  other  as  the  odd  numbers,  1,  3,  5, 
7,  &o. 

2d.  In  tube  f  un  qual  length,  sounds  of  the  same  order  correspond 
to  the  numbe  f  b  at  a  which  are  in  inverse  ratio  of  the  length 
of  the  tubea 

3d.  The  c  1  mn     f  brating  in  a  tube,   is  divided  into  equal 

parts,  which  b  t  p  t  ly  and  in  unison.  The  open  orifice  being 
always  in  th  n  3 11  fa  b  ating  part,  the  length  of  a  vibrating  part 
'a  equal  to  the  length  of  a  wave  corresponding  to  the  sound  produced. 

6.  Tubes  open  at  both  extremities. 

The  laws  for  tubes  open  at  both  extremities,  are  the  same  as  the  pre- 
ieding,  escepting  that  the  sounds  produced  are  represented  by  the  series 
of  natural  numbers,  I,  2,  3,  4,  Jfcc. ;  and  that  the  estremities  of  the 
tubes  are  in  the  middle  of  a  vibrating  part.  Again,  the  fundamental 
sound  of  a  tube  open  at  both  extremities,  is  always  the  acute  octave  of 
the  same  sound  in  a  tube  closed  at  one  extremity. 

Demonstration. — If  the  colHmn  of  air  contained  in  n  tube  vibrates  as  a 
iingle  wave,  t!ie  number  of  vibrations  will  evidently  be  equal  to  the  velocity 
of  sound,  reprcseoted  by  F,  divided  by  tbe  length  of  the  tube,  L,  or  by  the 

V 
quotient  — .     If  the  column  of  ait  is  divided  into  a  number  of  segments,  each 
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tibrating  Bcparatslj,  let  I  represent  the  length  of  one  of  thtae  Begmenfa,  and 

V 
Oie  number  of  vibrations  per  second  will  evidently  be  =  -> 

(o)  If  tte  pipe  oonlaining  the  OQlumo  of  air  is  Btnpped  at  both  ends,  tbere  will 
be  a  nqde  at  each  end.  Let  n  repteaent  the  nambar  of  nodes  inolnding  the  two 
ends;  the  nnmber  of  vibrnting  segments  will  be  «  — 1,  the  length  of  each  vibra- 


S(„  _  1)  +  1  =  2«  _  1  will  be  the  number  of  half  se 
the  entire  number  of  Tibrating  segments  contained 


arded  as  a  node,  and 

(egment.     Therefore, 

2n  — 1 

a,  and  wiU  bo 

2 
0  lengtb,  L,  and  the 


2       £ 
[,  2,  3,  Ac.,  wa  obtain  the  fullowing  aeries  of 
if  the  pipe : — 
Y        V        V 

If  the  pipe  is  open  at  boib  endB,  88  before  let  n  be  the  number  of  nodes.  Tbs 
number  of  complete  ventral  segments  will  be  n  —  1,  and  there  will  be  a  half 
segment  at  cash  end,  muting  n  segments  in  the  length  L.     The  longtU  of  a  eom- 


will  then 


reaponding  to  different  tones  of  tho  pipe  ;— 
V       V        V 
1.-!    2-;  3--,  Ac. 
L        J.        L 
The  Beriaa  of  vibrations  for  the  tones  produced  by  a  pipe  will  be  aa  follows  :— 
In  a  pipe  open  at  both  ends,  or  closed  at  both  ends,     .     .     1.  2,  3,  4,  5,  Ac. 
In  a  pipe  open  at  only  one  end hhhhl  " 

ends  of  the  tube  are  open,  or  when  both  ends  are  closed.  The  particular  tons 
that  a  pipe  will  produce  in  either  of  these  series  depends  on  the  strength  of  th» 
blast. 

385.  Construction  of  muBioal  inBtrumenta,— Prueticallj,  the  end 
of  the  tube  where  sound  is  formed  is  never  cntirelj  closed,  and  usually 
the  embouchure  is  on  one  side  of  the  tube.  The  laws  of  Bernoulli 
iidapted  to  these  conditions  give  for  the  construction  of  musical  instru- 
ments the  following  practical  rules; — 

1.  The  lenfrUi  of  the  tube  is  equal  to  the  (|uotient  of  the  velocity  of 
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sound  divided  by  tlie  number  of  yibrations   and  diminished   by  twic* 
the  breadth  of  the  tuhe. 

2.  The  number  of  vibrations  is  equal  to  the  quotient  of  the  velocity  of 
Bounds  divided  by  the  length  of  the  tube,  increased  by  twice  its  breadth. 

3.  The  length  of  a  cylindrical  organ  tube,  flattened  at  the  emboehure, 
is  equn!  to  the  quotient  of  the  velocity  of  sound  divided  by  the  number 
of  vibrations,  and  diminished  by  five-thirds  the  diameter  of  the  tube. 
{Compies  Eendus,  T.  L.  1860,  p.  176.) 

386.  Vibtating  dams.— II lustrations  of  the  yibration  of  ait  in  tubes 
LTe  often  found  at  waterfalls.  The  horizontal  column  of  air  enclosed 
behind  the  descending  sheet  of  water  ie  rarefied  by  friction  of  the  water 
which  carries  away  a  portion  of  the  air,  and  the  external  air  rushing 
in  at  the  aides  ia  thrown  into  vibrations,  which  are  often  so  perceptible 
as  to  endanger  the  safety  of  persons  approaching  too  near  the  cataracts 

At  the  falls  of  Holjoke,  Mass.,  the  deacending  sheet  of  water  has  a  b 
■     arying  from  6  feet  to  S  iuehea 


The  pulsations  of  the  air  rushing  in  behind  the  ■ 
pec  minute. 

Says  Professor  Snell,  wlio  has  dEseribed  these  ] 
oi.e  time,  irhan  I  witnessed  the  cumparstivel;  slow 
I  was  snrprieed  by  the  great  strength  of  the  ourren 
opening  at  the  end  uf  the  dam.      I  eould  not  ventur 


monlli  for  the  ri 


lions  of  82  per  m 
■,  as  it  rushed  into  tha 
n  the  passage  through 
conld  I  stand  at  ths 
\  by  placing  both  hands  on  the 


iwn  by  Professor  Snell  to  foilun 


I  4.   Vocal  and  Auditory  Apparatus. 

a87.  Voice  and  Bpeeoh.— In  nearly  all  the  «r-breathing  vertebrate 
animals,  there  arc  arrangements  for  the  production  of  sound,  or  voice, 
in  some  part  of  the  respiratory  apparatus.  In  many  animals  the  sound 
admits  of  being  variously  modified  and  altered  during  and  after  its  pro- 
duction ;  and  in  man  one  of  the  results  of  such  modification  is  speech. 

388.  The  vocal  apparatus  of  man  consists  of  the  thorax,  the 
trachea,  the  laryns,  the  pharynx,  the  mouth,  and  the  nose,  with  their 
appendages. 

The  (Aora-r,  by  the  aid  of  the  diaphragm  and  the  inlereoatal  muac) 


part  of  the  bellows  produi 
trachea,  or  the  taindpipef  i 
to  oonvey  the  ur  from  tl 
the  prodnction  of  voice  a 


%  then 


erfon 


rodnotion  of  sound.     Tha 
the  lungs,  BcU  as  a  tube 

eh  may  be  considered  as 
luth-pieee  or  that  part  of 
The  pharsKt 


a  the 


Am.  .lour.  Set  [2]  Vol.  XXVIII.  p.  2!1<, 
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poDd  to  the  upper  part  a! 
oolumn  of  air  are  thrown  ic 
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ich,  bj  the  varying  form  a 


organ   tube   from  nhieh  the  vibrationa  of  the 
10  atmosphere. 

The  larynx. — This  organ  is  composed  easentially  of  four  enrtilages, 
called  respectivelj  the  thyroid,  cricoid,  and  the  two  arytenoid  carti- 
lages. The  cavity  of  the  laryni  is  nearly  closed  by  two  pairs  of  mem- 
branes, called  the  vocal  cords,  the  opening  between  which  is  called 
the  glottis.  395 

In  fig.  395,ahowingaverticfll section  thrni 
the  larjni  and  glottis,  the  pusition  of  the  t 


The  thyro 


rtilages 


the  letter  S,  and  forms  a  promi 

in  the  throat  of  man,  via^ble  extcrioi 

fulgarlj  called  Adam's  Apple,     The 


The  position  of  the  arytenoid  cartilag< 
the  cricoid  cartilages.   These  several  cg 
vith  the  hyoid  bone,  serve  as  points  uf  attach 
ment  for  the  mueelea  forming  the  proper  voca 
apporatHS.  The  two  chief  tongues  <rf  the  glottis. 

thyroid  cartilage  to  the  arytenoid 


vocali,,  or  glottis,  shown  better  in  flg.  297.  Thi 
the  trachea,  which  lies  below  the  luryni,  and  on 
larjni  itself,  which  communicates  with  the  eavi 


a  small  distance  above  them  in  tbe  epiglottis ;  they  are  less  de 
first.  The  ventricular  cords  have  no  part  in  the  pmdiMoi 
which,  however,  they  doubtless  serve  to  modify  and  stteagthea 


a  the  deep  depcessious,  called  the 


icles  of  the  glottis. 

e  voice  is  produced  in  the  laryni ; 

for  if  an  opening  is  pierced 

,he  trachea,  below  the  larynx,  the 

air  escapes  hy  this  opening. 

I  IS  not  possible  to  produce  any  v 

ocal  sound.     If  an  tpenmg 

ide  above  the  larynx,  it  does  no 

t  prevent  the  formi  ion  cf 

1.     Magcndie  mentions  the  case  o 

famanwhohadafl  lukus 

ng   in   his   trachea,  and   who    c 

ould  not  speak   unlets   he 

The  glottis. — A  clear  idea  may  be  obtained  (f  tlip  form 
and  action  of  the  glottis,  by  supposing  two  pieces  of  Injia 
rubber  stretched  over  the  orifice  of  &  tube,  so  that  a  small  flsaure  is  left 
between  t/iem,  fig.  296 
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otber  mnscles  nfiuril  the  pi 


and  tho  dimeusiuna  of  thi.  i 
ided  bj  similar  mem  bran  es. 
rds  njBy  be  extended  or  rela. 
T  of  alMiing  tbe  nidth  of  tbi 
thicket  at  their  free  edgeB 
aa  tboj  also  citend  like  pla 
■y  nearly  allied  to  the  yibra 


the; 


Then 


isidered  ai 


robttblj  more  correct  to  saj  thai  it 
acts  upon  the  principlea  of  both  combined. 

389.  Meohanism  of  the  voice,— The  formation  of  sound  in  tho 
larjni,  ns  has  been  already  suggested,  ia  produced  by  tbe  vibration  of 
the  yoeal  cords,  acting  aa  a  species  of  membranous  reed,  under  ths 
influence  of  nit  from  tbe  lungs.  The  sound  being  produced  as  in  ordi- 
nary reeds  (381)  by  the  intermittent  current  29T 


The  glottis  is  the  original  seat  of  the  sc 
and,  although  other  parts  of  the  respir' 
apparatus  have  a  certain  influence  in  modilymg  I 
the  tone,  they  have  no  share  whatever  in  I 
production  of  the  sounds,  or  in  deteriuim 
their  pitch. 

When   at   rest,   the   lips  of  the   glottis   ' 
wrinkled  and  plicated,  so  that  the  air  in  rea 
ration  passing  through  the  fissure  fail.'*  to  put  la 
the  membranes  In  vibration.     But  as  tl 

minishing  the  tension  of  its  vibrating  strings,  s 
occurs  with  the  human  larynx.  The  two  conditions  of  the  glottis  a' 
beautifully  shown  by  the  two  parts  of  fig,  297,  from  MUlIcr.  The 
upper  shows  the  organ  at  rest,  the  vocal  cords,  c  c,  being  relaxed,  while 
in  the  lower,  these  cords  are  shown  as  in  the  act  of  vibrating ;  the  small 
air  passage,  o,  opening  into  the  trachea,  is  never  closed.  When  sounds 
are  to  be  produced,  the  fissure  is  contracted  and  the  membranes  receive 
the  ddgree  of  tension  necessary  for  vibration.  The  sound  varies  accord- 
ing to  the  tension  of  the  membranes,  the  magnitude  of  the  fissure,  and 
the  form  and  magnitude  of  the  passages  through  which  the  air  thus  put 
into  vibration,  passes  before  it  issues  into  the  atmosphere. 

390.  Range  of  the  human  voice.— In  speaking,  the  range  of  the 
human  voice  is  subject  to  but  very  little  variatiun,  being  generally 
limited  to  half  an  oetave.  The  entire  range  of  voice  in  an  indiTidnalia 
rarely  three  octaves,  but  the  male  and  female  voice  taken  together  may 
be  considered  as  reaching  to  four. 


0  something  like  this 
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There  are  two  kinds  of  male  voices,  called  bass  and  tenor,  and  two 
kinda  of  female  voices,  called  contralto  and  soprano,  all  differing  from 
each  other  in  tone.  The  Btrength  of  the  baas  voice  is  in  general  greater 
on  the  low  tones  than  the  teuor.  The  contralto  is  also  stronger  on  the 
low  tones  than  the  soprano.  But  bass  singers  can  sometimes  go  verj 
high,  and  the  contralto  frequently  sings  Che  high  notes  like  soprano. 

The  essential  difference  between  the  bass  and  ten  r  \oii,t,B  and 
between  the  contralto  and  soprano,  consists  in  the  tone  or  t  mbre 
which  distil  guiahes  them  even  when  thty  are  singing  the  same  note 
The  barytone  is  intermediato  between  bass  and  tenor  and  the  niezao- 
soprano  is,  in  like  manner,  found  between  the  contralto  and  soprioo 
These  two  qualities  of  voice  have  a  mid  He  position  as  to  pitch  in  the 
scale  of  male  and  female  voices. 
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391.  Ventriloquism,  atutterins,  &c 

■.«lril«. 

,««.,  is  , 

iupposei 

dby 

igators  to  0. 

■  inspii 

•atory  ao. 

inda;  11 

lis  is 

true  only  to  a  certain  estent.  The  art  of  the  ventriloquist  depends  gre 
the  correctneaa  of  ear  and  flexibility  of  orgaa,  through  which  commoi 
aro  modulated  to  the  position  and  character  in  which  the  imaginary  pe 
tnppoaed  to  speak  ;  other  means  often  being  used  to  heighten  the  decepi 

(pealiing  with  expiratory  nolea,  the  air  expelled  by  one  expiration  is  diat 

/n  ituUeriag,  the  several  organs  of  speech  do  not  play  io  their  Doroial 
■ioH,  and  thus  are  continually  interfered  with  in  convulsive  impulses  ant 
sient  adjustments.     The  cause  of  thia  result  lies  almost  whrliy  iu  the  i 

aro,  to  study  carefully  the  articulation  of  the  difficult  letters,  to  praetie 
pronunciation  repealedlj'  and  slowly,  and  to  speak  only  when  the  cheat 
filled  with  air. 

/n  deaf  nnrf  dumb  ptraoni  the  organs  of  speeLb  have  originally  no  ci 
defecta.  The  true  cause  of  their  dumbness  bea  in  their  inubility  to  p 
lonnd.  The  impOBalhility  of  appreciating  the  several  aounda,  and  thns 
ally  acquiring  the  poncr  of  properly  adjusting  the  organs  of  speech, 
iihi«r  reason  why  tbe  second  infirmity  is  associated  with  the  first. 
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302.  Production  of  sounds  by  inferior  animals.  — The  sounds 
which  the  diEFevent  animds  produce  are  peculiar  to  the  olasB  to  which 
Ihey  belong ;  thus  the  horse  neighs,  the  dog  burks,  the  cat  mews,  &o, 
These  various  madifioations  depend  on  the  peculiar  structare  of  the 
larjni,  hut  more  upon  ihe  form  and  dimensions  of  the  nasal  and  other 
caTities,  through  which  the  vibrating  air  passes. 

Tbs  cat  is  diBiiDgaished  from  other  mammifera  by  the  almost  equal  develop- 
ment of  the  inferior  and  superior  vocal  cords.     Many  of  its  notes  are  almost 


Birds  are  furnished  with  two  larjni,  a  superior  and  inferior,  wliieh 
serve  at  the  same  time  for  the  entrance  and  exit  of  air,  and  for  the 
purposes  of  vocalization.  The  upper  larjni,  which  corresponds  to  the 
larjns  in  mammifers,  can  only  be  regarded  as  an  accesBory  of  the 
voice.  The  lower  larynx  is  the  true  larynx ;  it  is  placed  at  the  lower 
part  of  the  trachea,  where  it  branches.  Those  birds  in  which  it  is 
absent  are  voiceless.  The  voice  of  birda  is  produced,  like  that  of  mam- 
mifers, by  the  vibration  of  the  cords  of  the  glottis. 

Insects,  in  general,  produce  sounds  renntrkable  fur  their  acutfincsa. 
Their  sounds  are  produced  in  a  great  number  of  ways,  some  effecting 
it  by  percussion,  and  some  by  the  friction  of  exterior  horny  organs 
upon  each  other,  as,  for  example,  in  the  grasshopper.  In  others,  the 
swiftly  recurring  heatings  of  the  wings  produce  sounds,  as  with  the 
musquito.  Many  insects  produce  sound  by  the  action  of  some  of  their 
organs  on  the  bodies  around  them,  as,  for  example,  the  various  insects 
which  gnaw  wood." 

II.     THE    E,5 


1,  Auditory  apparatus  of  man. — In  the  ear,  impressions  are  not 
;e  made  upon  the  sensory  nerve,  by  the  body  which  originates  the 
I,  hut  they  are  propagated  to  it  through  the  medium  of  the 
atmospheric  air. 

The  organ  of  hearing  in  man  is  composed  of  three  parts:  the  exter- 
na! ear,  the  middle  ear,  or  tympanum,  and  the  internal  ear,  or  lahy- 

The  ezternal  ear  consists  of  (1)  the  pinna,  or  p'avilion,  a,  Gg.  20S, 
which  collects  tl]e  soniferous  rays,  and  directs  them  into  (2)  the  audi- 
tory canal,  or  meatus  audituriue,  b. 

The  peculiar  form  of  tlie  pinna,  nith  its  numerous  elevations  aud  depressions, 
has  not  as  yet  been  satisfactorily  sliowu  tn  ha  related  to  the   principles  of 

The  auditJty  canal  proceeds  inwards  from  tlie  pinna,  to  the  tjmpanumj  *■ 
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It  la  an  elliptical  tube,  about  an  iuob  long.     Ita  interior  is  proWctod  by  hun, 
luid  by  a  waij-  secretion. 

The  middle  ear,  tympanum,  or  tympanic  cavity. — The  middle 
ear  is  a  cavitj  in  the  temporal  bone  filled  with  air,  and  somewhat  bemi' 


Bpherica.  in  form ;  it  measures  ahout  half  aa  inch  ia  every  direction. 
It  eitenda  from  the  tympanum,  c,  fig.  298,  to  o  aadf,  and  encloses  tho 
chain  of  bonoa,  cdef,  called  the  ossicles,  or  little  bonea,  of  the  ear. 

The  middle  ear  is  aeparated  from  the  auditory  camtl  by  a  thin  oval 
membrane,  tlie  -merabTana  tympani,  which  is  placed  obliquely  across  the 
end  of  the  canal,  at  an  angle  of  about  *15°,  its  outward  plane  looking 
downwards  and  forwards. 

The  Eustachian  tube  is  a  membrnnous  canal  leading  from  the  anterior 
portion  of  the  middle  ear  downwards  and  forwards  to  the  pharyni,  with 
which  it  oommunioatea  by  a  valvular  opening  that  is  generally  closed, 

and  also  permits  tha  entrance  of  air  to  preserve  equality  of  pressure  on  the 
eiternal  and  internal  surfaeea  of  the  membrana  tympani. 

The  diseomliirC  produced  by  unequal  pressure  ou  tbe  tno  surfaces  of  tbs 
ueinbra.r.a  1   m  m        as  ng  tbe  nuse  and  perlonu- 

iag  the  a?t  g      h  ially  txhsusted  froia  the 

middle  ear.     T  m  m         a  tympani  Ibon  bacomea 


db,  Google 


AC0DBTI03.  287 

through  tha  Busfacliiaii  tnhe  into  (he  middle  ear,     A  cold  often  impairs  the 
aenae  of  heBriog  by  obalruoting  the  Euslachian  tube. 

A  chain  of  three  small  bones,  the  ossicles  of  the  tympanum,  passes 
through  the  middle  ear  from  the  membrana  tjmpani  to  the  entrance 
of  the  interna!  ear.  These  bones  are  shown  separated  from  each  other 
ID  fig.  299. 

Tha  malleus,  or  hummoi-lione,  m,  the  ioena,  or  anvil,  o,  anil  the  stapes,  or 
Mirrup,  (,     They  are  conneclad  with  each  other  in  euch  a  manner  299 

as  to  allow  of  slight  movemenla.     This  chain  of  bones  is  atlachad 
at  one  ond,  as  is  shown  in  fig.  298,  by  the  handle  of  the  malleus,        Q       g-O 
to  the  tympanic  membrane,  and  at  the  other  by  the  foot  of  the  i^^       if* 
(tirrup,  ta  tha  membrane  of  the  fenestra  ovalia.  Y        ^ 

have  the  power  of  giving  more  or  less  lanaion  to  the  membranes  A 

which  they  connect,  and  thus  rendering  them  more  or  lass  senai-  (Cdi 


Tlie  internal  ear,  called,  from  its  complicated  structure,  the  laby- 
rinth, has  its  channels  curved  and  excavated  in  the  petrous  bone,  tha 
hardest  of  anj  in  the  body.  The  labyrinth  consists  of  three  parts ;  the 
vestibule,  the  semicircular  canals,  and  the  cochlea. 

The  vestibule,  g,  fig.  233,  is  a  central  chamber,  formed  in  the  petrous  bone; 

in  it  are   a  number  of  openings,  for  branches  of  the   auditory  nerve,  small 

I  external  wull,  the  fenestra  ovalia  is  found. 


The  s< 


.0  the  ' 


posterior  and  upper  part,  and  placed  in  pl< 

incs  at  right . 

ingles 

to  each  olher. 

Within  these  canals  are  placed  flexible  tubes 

,  of  the  same  f. 

iliedmembran- 

oua  canals,  filled  with  fluid. 

The  cochlea,  i,  is  a  conical  tube,  nound  api 

rally,  making 

twoai 

]d  a  half  turns. 

It  resemblea  a  anail'a  shell  in  appearance; 

divided  by  a  apiral  lamina,  called  the  lamin 

passages  wbicb 

part  ol   the 

300 

helii.    Between  the  membranoua  and  the  bon 

J  labyrinlha 

a  peculiar  liquid  (the  perilymph)  inle^venc 

^ 

fills  the  caviliea  and  cochlea;  the  mambran^ 

d 

Mr 

is  distended  by  another  liquid  (the  endolym 

M 

W 

the  labyrinth  thus  filled  with  liquid,  the  ter.ni 

indfil  mcnf- 

M. 

m 

ofthe  auditory  nerve  are  placed. 

mi 

w 

They  are  expanded  in  the  ^aa-      jjt^^ 

^^md 

WL 

i*Mfe 

fig-  3»0  is  8 
cf  the  reitibula,  aeni 
pta;  their  interior  c< 
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394.  Functions  of  tha  difierent  parts  of  tbe  eac.^1.  The  watea 
of  sound  passing  into  the  external  ear,  are  collected  a,tid  directed  into 
the  auditorj  canal,  and  strike  upon  the  tympanic  membrane,  which  ia 
thus  thrown  into  vibration. 

2.  The  chain  of  hones  connecting  the  membrana  tympani  with  tbo 
fenestra  ovalia,  receives  the  vibrations  and  transmits  them  to  the  vesti- 
bule through  the  membrane  which  covers  the  fenestra  ovalis. 

3.  Vibrations  thus  excited  In  the  fluid  which  fills  the  labyrinth,  are 
received  by  the  expanded  filaments  of  the  auditory  nerve,  and  the 
sensation  of  sound  is  thus  transmitted  to  the  braic 

In  CMsid»iag  the  uaes  of  ths  difibrent  parts  of  (be  mIMTe  uid  intemal  ear 
lb  is  necessar;  to  refer  to  tba  followiog  [nnciples  nlii  b  L.Lie  been  full; 
ilemonstrated  b;  exper  ment. 

1.  Atmospberio  vibrations  lose  much  of  their  iDtoQiily  when  transmitted 
directly  to  either  solids  or  liqn  da 

vibrations  ftom  air  to  liqui  h 

3.  Vibrations  are  readilj  transmitted  from  air  to  a  solid  bod;,  if  the  latter  is 
ftttuobod  to  a  vibrating  membrane,  so  placed  tbut  tbe  vibrations  of  tbe  aU  act 
nponit. 

oeptible  loss  of  intensity,  when  to  tbe  membrane  forming  the  medium  of  com- 

of  its  surface,  and  is  alone  in  contact  with  the  water. 

be  movable,  communicates  sonorous  vibrations,  from  air  on  one  side  to  water 

But  the  propagation  of  sound  to  the  fluid  is  rendered  much  more  perfect  if  tbe 
tolid  conductor  thus  occupying  tbe  opening  is  by  its  other  end  lixed  to  the 
middle  of  a  lonae  membrane  which  has  atmospheric  air  on  both  sides. 

These  principles  enable  ns  to  understand  that  vibrations  are  commupicsted  to 
the  inlfimal  ear  with  greater  intensity,  by  means  of  the  membrana  tympani  and 
tbe  chain  of  tympaaio  ossicles,  than  if  these  argSD?  did  not  int«rvene  between 
the  atmoEpherio  air  and  the  internal  ear.  We  find  that  in  the  lower  orders  of 
ftuimals,  where  bearing  is  less  acute  than  in  man,  the  middle  ear  and  t.vmpaiia 
ossicles  are  wanting.  The  ait  in  the  cavity  of  the  tympanum  serves  also  to 
insulate  the  chain  of  small  bones,  and  preserve  the  purity  and  intensity  of  the 
vibrations  wl^ioh  are  traasiflltted.  The  communication  between  the  middle  ear 
ani}  tbe  eiteroal  air,  by  means  of  the  Emtacbian  tube,  is  thought  to  prevent 
reverberation  and  echoes  in  that  cavity. 

The  sound  of  a  tuning-fork,  or  other  sunorous  solid  body,  applied  to  the  t«elh, 
or  any  bone  of  the  bead,  is  heard  more  distinctly  than  when  tba  sound  is  tronst 

cochlea,  and  eSpeeially  tba  lamina  spiralis,  faoiliuias  the  appreciation  of  such 
sounds.  In  regard  to  tbe  use  of  tbe  semicircular  canals,  tie  opinions  of  phy, 
|iolo gists  are  as  yet  divided. 

For  full  disuussions  of  the  functions  of  diSerent  parts  of  the  oar,  tbe  student 
Uteferrelto  Carpenter's  Physiology  and  to  Todd  Ji  Bowman's  Physiology. 

395.  Natural  diapason. — Cagniard   de   Latour,   one   of  the   best 
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modem  authorities  in  acoustics,  satisSed  himtself  tliat  he  lieard  the 
■oaad  la  (A  of  the  mneical  scale)  souDding  within  his  head  when  he 
Bgitnted  it  from  side  to  aide.  Mr.  Johard  suggests  that  this  natiira!  la 
ia  caused  by  the  contact  of  the  malieas  against  the  incus  in  the  ear,  a 
contact  easily  made  by  a  rapid  movement  of  the  head,  the  neck  being 
iieembarrassed  of  clothing.     (Am.  Jour.  Sci.  [2]  XXVI.  97.) 

396.  Organs  of  hearing  in  the  lower  animals. — The  soophytca 
appear  to  be  wanting  in  the  sense  of  hearing,  and  no  special  auditory 
apparatus  has  been  discovered  in  insects,  although  they  do  not  appear 
to  be  altogether  insensible  to  sound.  In  the  mollusca,  the  organ  is  a 
Bac,  filled  with  liquid,  in  which  the  iaat  fibrils  of  the  acoustic  nerve  are 
difTused,  or  a  nerre  fibril,  ia  connection  with  a,  little  stim;  body  (an 
otolith),  included  in  a  sao  of  water.  These  animals  can  only  distinguish 
one  noise  from  another,  or  their  quality,  and  that  imperfectly,  and  have 
no  perception  of  musical  notes.  This  organ,  corresponding,  as  is  as- 
sumed, to  the  semicircular  canals,  increases  in  complexity  as  we  rise  in 
the  scale  of  being.  In  lizards  and  scaly  serpents,  the  ear  commences 
with  the  tympanic  tnerobrane ;  and  there  is  added  a  conical  cochlea. 
As  we  pass  through  them,  the  plan  is  further  developed;  the  tympanic 
cavity,  Eustachian  tube,  the  chain  of  bones,  &c..  appear.  In  birds 
there  is  a  continued  improvement,  and  all  the  aerial  tribes  of  mammals 
have  external  ears,  while  a  full  development  of  all  the  auditory  parts  is 
reached  onlj  in  man. 
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160.  What  was  the  diataaoe  of  the  meteor  which  waa  heard  at  Windsor  Castle, 
in  1783,  ton  minutes  after  it  disappeared,  assaming  the  air  at  60"  F.  ? 

161.  Aiiobserverauppososliimself  in  the  range  of  a  distant  cannon,  the  report 
of  which  he  hears  19  seconds  afUr  seeing  the  flash  ;  bow  soon  laa;  he  appre- 
hend dsQger  from  the  ball,  supposing  it  to  flj  at  the  rate  of  a  mila  io  eight 

102.  The  dash  of  a  gun  throwing  shells  was  seen  due  east  from  the  observer; 
after  three  seconds  the  report  was  heard;  after  another  interral  of  tbrte  seeondl 
the  Bhall  waa  seen  to  eipiode  40"  south  of  east,  and  the  explosion  oi  the  shell 
was  heard  threa  seconds  later ;  to  what  distance  w«j!  the  shell  thrown  ?  and  what 
waa  its  velocity  of  flight? 

Physical  Theory  of  Music. 
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2,  and  4  nodes  respectiTely,  the  breadth  of  ihe  dam  10(18  feet,  the 
lamn  of  air  being  entirely  open  at  both  ends. 

172,  Batimoting  the  veloeity  of  sound  at  340  metres  per  second,  what 
'  vibrations  per  second  will  be  produced  in  a  aquara  organ  tube  whoa< 

t-13  metres  and  its  breadth  D-08  metres  ? 

173.  The  organ  of  the  church  of  Saint  Denis,  in  Paris,  is  tuned  to  the 

og  and  0-4S  metres  broad,  was  constructed  to  plaj  do_,  (C_i),  but  or 
as  found  too  flat     What  alteradon  of  its  length  would  correct  its  tone 
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PAKT   THIRB. 

PHYSICS  OF  IMPONDERABLE  AGENTS. 


D  ELECTRICITY. 


CHAPTER  I. 

LIGHT,  OR  OPTICS, 
g  1.  Geneial  Pioperties  of  Light. 

397.  Optica.— Light.— Optics  (from  the  Greek  verb  onro/iai,  to  see) 
is  that  branch  of  physical  ecieace  which  treats  of  the  nature  and  pro- 
perljes  of  light. 

Light  is  a  mysterious  agent,  acting  upon  the  organs  of  vision,  and 
imparting  to  us  a  knowledge  of  external  things.  It  hringa  us  into 
relation  with  surrounding  objects,  enlarging  the  spliere  of  our  habita- 
tion, in  a  measure  annihilating  dialance,  unfolding  to  U9  the  beauties 
of  nature,  and  acting  as  a  perpetual  source  of  enjoyment. 

398.  Nature  of  Iigtit. — Iheoiies. — In  regard  to  the  nature  of 
light,  a  great  diversity  of  opinion  has  prevailed  among  philosophers. 

(a)  Corpuscular  theory. — Sir  Isaac  Newton  maintained  that  the 
phenomena  of  light  are  produced  by  luminous  corpuscles  thrown  off 
from  burning  bodies,  each  particle  producing,  in  its  flight,  vibrations 
in  the  surrounding  ether  similar  tu  the  waves  produced  by  a  stone 
falling  into  the  water. 

(6)  Undulatory  theory. — lluyghens  maintained,  in  opposition  to 
Newton,  that  light  consisted  solely  of  vibrations  in  an  ethereal  medium, 
without  the  onward  progress  of  any  substance  whatever.  This  theoiy 
(291) 
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has  bnen  investigated  and  defended  by  many  of  the  ablest  pbiiusophera ; 
by  Young,  Malus,  Fresnel,  Brewster  and  others,  and  is  now  generally 
received. 

The  undulalions  producing  the  phenomena  of  sdind  take  place  in 
the  same  direction  that  the  sound  itself  luotes ;  but  the  vibrations  of 
ligAl  are  supposed  to  move  at  right  angles  to  tlie  direction  in  wtiiuh 
light  is  propagated.  It  is  difficult  to  explain  all  the  phenomena  of  light 
even  on  this  theory. 

(c)  An  oscillatory  theory  of  light  has  been  proposed  by  Mr.  Rankine, 
(,i  Glasgow.*  In  this  theory,  the  particles  of  luminiferous  ether  are 
supposed  to  rotate  on  their  axes,  by  the  influence  of  a  species  of  mag- 
netic force,  which  is  wholly  destitute  of  effect  in  producing  resistance 
to  compression,  so  that  it  is  no  longer  necessary,  as  in  the  undulatory 
theory,  so  suppose  the  luminiferous  medmm  to  have  the  properties  of 
an  elastic  body.  The  same  mathematical  formulae  are  employed,  with 
this  hypothesis,  as  for  the  undulatory  theory.  Whether  this  thcorj  can 
be  appUed  to  explain  all  the  phenomena  of  physical  optics,  remains  ta 
be  proved. 

399.  Sources  of  liebt.^Phosphoresoerice.^The  sources  of  light 
are  the  sun  and  stars,  heat,  chemical  combinationa,  phosphorescence, 
and  electricity. 

We  know  not  the  real  cause  of  the  light  emitted  by  the  sun  and 
Btars,  but  we  know  that  bodies  become  luminous  at  a  high  temperature, 
and  shine  more  vividly  In  proportion  to  the  intensity  of  the  heat,  from 
which  we  are  accustomed  r-)  suppose  that  heat  and  light  are  only  modi- 
fications of  one  and  the  same  cause.  ArtiGcial  lights  depend,  in  general, 
upon  combustion,  or  the  union  of  the  oxygen  of  the  air  with  burning 
bodies.  This  chemical  action  is  attended  with  the  disengagement  of 
considerable  heat  as  the  burning  body  becomes  luminous.  Other  chemi- 
cal combinations  are  attended  with  light,  and  it  is  doubtful  whether  any 
bodies  become  luminous  without  chemical  action  of  some  kind. 

The  term  phosphorescettce  is  given  to  a  pale  light  emitted  in  the  dark 
by  certain  substances  which  do  not  appear  t«  emit  any  sensible  lieat. 
Phosphorescence  has  been  observed  in  animals,  vegetables,  and  even  in 
minerals.  During  the  heat  of  summer  the  giow-worm  and  fire-fly  emit 
a  brilliant  light. 

In  tropical  regions  phosphorescent  insects  are  very  numerous.  The 
waters  of  the  ocean,  especially  in  warm  latitudes,  are  often  covered 
with  little  animalcules  which  become  luminous  at  night  when  the  wat'r 
is  agitated,  shining  in  the  wake  of  a  vessel  like  a  track  of  living  fire. 

•  See  transactions  of  the  Britieh  Association  for  1S53,  p.  9. 
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In  certain  circamstances  also  rotten  wcfod  |nd  decajiDg  flesh  becuma 
phMphoresocDt.  Bj  friotioo,  or  by  long  esposure  to  the  mys  of  the 
sun,  certain  minerals,  tis  the  diamond,  white  marble,  and  fluor  spar, 
acquire  the  property,  it  ia  said,  of  shining,  for  a  brief  periud,  in  the 
dark.  Tbe  cause  of  pbosphoresGeDce  is  not  known,  but  in  some  cases 
it  appears  to  depend  upon  electricity. 

Eleotricity  is  a  source  of  light  so  intense  that  its  brightness  is  equal, 
in  some  cases,  to  one-fifth,  or  even  one-fourth  that  of  the  sun. 

400.  Relation  of  dlBerent  bodies  to  light. — All  bodies  are  either 
luminous,  transpnrent,  translucent,  or  opaque. 

(a)  lAiminous  bodies  are  those  in  which  light  originatPs.  as  the  sun, 
and  burning  bodies, 

(6)  Tranaparefit  bodies  allow  light  to  pass  freely  through  them,  thus 
permitting  the  form  of  other  bodies  to  be  distinutly  seen  through 
them.  Such  are  water,  air,  and  polished  glass.  Such  substances  are 
also  said  to  he  diaphanous  (from  Sid,  through,  and  ifaivia,  to  shine), 

(c)  Translucent  bodies  permit  only  a  portion  of  light  to  pass,  and  in 
so  irregular  or  imperfect  a  manner,  that  the  outline  of  other  bodies 
cannot  be  clearly  seen,  as  rough  glass  and  oiled  paper. 

(d)  Opaque  bodies  are  those  which  do  not  ordinarily  allow  any  light 
to  pass  through  them,  as  wood  and  the  metals.  But  all  bodies,  even 
the  metals,  may  be  made  so  very  thin  as  to  become  partially  transparent 
or  translucent.  Opacity  is  not  absolute  in  metals,  as  is  proved  in  the 
case  of  gold-leaf  on  glass,  through  which  a  beautiful  violet-green  light 
is  seen.  This  light  is  found  by  optical  experiments  to  be  truly  trans- 
mitted light,  and  not  a  color  caused  by  the  minute  fissures  of  the  gold- 
leaf.  It  is  worthy  of  remark,  that  this  greenish  color  is  complementary 
to  the  red,  which  is  the  color  of  gold  when  seen  by  successive  reflections. 

401.  Rays,  pencils,  and  beams  of  light.— A  single  line  of  light 
is  called  a  ray.  A  pencil  of  light  is  a  collection  of  rays  diverging  from 
a  common  source,  or  converging  to  a  point.  A  beam  of  light  is  a 
collection  of  parallel  rays.  Diverging  rays  are  those  which  gradually 
separate  from  eaeh  other.  Converging  rays  are  those  which  tend  to 
meet  in  a  common  point;  hence  we  have  the  terms  301 
diverging  pencils,  and  converging  pencils  of  light. 

402.  Visible  bodies  emit  light  from  every 
point  and  in  every  direction,  the  rays  diverging 
from  each  point  in  right  lines.  ""i 

Let  ABC,  Jig.  301,  be  three  poiiitB  in  adj  visible  object;  "' 
from  eaeh  of  these  points,  light  is  emitted  in  diverging 
peno'ls,  as  partially  repreaanted  in  the  figare. 

Id  th'.B  figure  certain  points  are  Boen,  where  rays  from  A  B 
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rays  from  all  poiota  in  tbe  object  are  crosBing  eaoh  other  at  every  poiDt  in  tJie 
space  wbcre  the  object  is  visible. 

403.  Propagation  of  light  ia  a  bomogeneoaB  medium. — A  me- 
difim  is  somethiog  esiating  in  space,  capable  of  producing  phenomena. 
A  medium  is  called  luiitiniferous,  wliich  ia  capable  of  transmitting 
light;  and  it  is  said  to  be  homogeneous  when  the  compoeitioQ  and  density 
of  all  its  parts  are  the  same.  All  space  is  supposed  to  be  pervaded  ^j 
a  luminiferous  medium,  called  luminiferous  ether,  and  yet  the  particles 
of  this  ether  may  act  upon  each  other  at  great  distances.  In  a  homo- 
geneous medium,  light  always  mores  in  straight  liniis.  If  any  opaque 
body  is  placed  in  a  direct  line  between  the  eye  and  a  luminous  body, 
the  light  is  intercepted. 

When  light  enters  &  dark  chamber  by  a  very  email  opening,  the 
course  of  the  light  becomes  visible  by  illuminating  the  fine  particles  of 
dust  always  floating  in  the  air.  Rays  of  sun-light  are  thus  easily 
demonstrated  to  move  in  straight  lines. 

404.  Velocity  of  lig'^t— Light  travels  with  such  amazing  velocity, 
that,  for  any  distances  on  the  surface  of  the  earth,  the  time  occupied  in 
its  passage  from  one  point  to  another  is  totally  inappreciable  by 
our  unaided  senses. 
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Fouoanlt'a     apparatus         *y 
for  measuring   the  velo 
Oity    of    light  — N  twith 
st'in  ling      the      prodigious  k 
velocity     f   light     M    Fou    k 


measuring  it  by  employing    \!b-\ 
a  revoliring  mirror   a  tord        ' 
mg  to  the  method  demised  by 
T\  hentstono   f  r   measuring 
the  velocity  of  electricity.     In  d(  scribing  this  apparatus,  we  shall  sup- 
pose the  properties  of  mirrors  and  lenses  to  be  already  understood. 
Tbe  apparatDS  of  H.  Foaoaalt  is  represented  in  dg.  302.     The  tbutter  of  a 
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dork  cli»niber  is  pierced  with  B  aqnare  opeiiio~,  K,  tehind  wbic.  ft  flns  platinum 
Hire,  0,  ia  atrel^had  verticallj.  By  means  of  a  mirror,  a  becm  nf  solar  light  is 
made  to  en  tar  the  chamher,  and  being  divida^i  by  the  platinum  frire^  it  falls  upon 
U)  achromatio  lens,  L,  of  long  fucus,  placed  at  a  disbsnce  fi-om  tbe  platinum  wire 
less  than  doulla  the  distJince  of  its  principal  focus.  The  image  of  the  platinum 
wire  would  be  formed  in  the  axis  of  the  lens,  somewhat  enlarged.  But  the 
beam  of  light,  after  passing  the  lens,  falls  upon  the  plane  mirror,  w,  which 
rBTolvea  niili  great  lelutitj,  and  being  reflected  by  it,  an  image  of  ths  platinum 
wire  is  formed  in  apace,  which  image  is  displaced  with  an  angular  rdoeity, 
doable  the  velocity  of  the  mirror.*  This  image  is  received  by  a  concave  mirror, 
H,  BO  fixed  that  it£  centre  of  curvature  coincides  with  the  axis  of  rotation  iif 
tiie  revolving  mirror,  m.  The  pencil  reQeoted  by  the  mirror,  M,  returns  back- 
',  and  passes  back  through  the  leua, 
e,  coineiding  with  the  wire  itself,  if 
the  mirror,  m,  revolves  slowly.  In  order  to  view  this  image  withonl  obscuring 
the  pencil  of  light  which  enters  the  chamber  by  the  opening  K,  a  piece  of  plate 
glass,  V,  with  parallel  faces,  h  placed  between  the  lens  and  the  ptutioum  wire, 
inclined  in  sacb  a  manner  that  the  rays  reflected  fall  apon  a  powerful  ejre-glus, 

ray,  M  m,  falls  upon  the  mirror,  m,  in  the  same  position  it  occupied  at  the  first 
reflection,  and  returning  in  the  direction  it  came,  it  meets  St  a  the  plate  glass, 
y,  and  is  partially  reflected,  and  forms  in  d,  at  a  distance  a  d,  equal  to  a  o,  on 
ImE^  which  is  seen  by  the  eye  by  means  of  the  eye-piece,  P. 

The  revolving  mirror,  m,  oauses  this  image  to  be  repeated  at  each  tevolntion, 
and  if  the  velocity  of  rotation  is  uniform,  the  imege  does  nut  change  its  position. 
When  the  velocity  does  not  exceed  thirty  revolutions  per  second,  the  suoeessiva 
appearances  of  the  image  are  distinct,  but  when  the  velocity  is  greater,  the 
impressions  upon  the  eye  are  contioHoua,  and  the  image  appears  constant 

takes  the  direction  nt  b,  and  forms  an  image  in  i;  thus  (he  image  has  deviated 

turns  elowty,  bat  it  is  appreciable  only  when  it  has  acquired  a  certain  magnitude, 

M  m,  sufficiently  great.  By  meaoa  of  the  deviation  in  the  position  of  the  image 
and  the  velocity  of  rotation,  the  time  required  for  the  light  to  pass  from  m  to  M, 
■Dd  hack  again, becomes  known,  making  I  ^  Mm,  I'  ^l,m,r  ^  0  L,  n  =  the 
number  of  revolutions  per  second,  D  =  the  absolute  deviation  rfi,  and  V  = 
Ihe  velocity  of  light  per  second,  M.  Foucanlt  ohtmned  the  following  formula 
for  the  Telocity  of  light, 

SnPHr 


•  To  den 

lonstrate  this,  let  m  b.  Bg.  303,  be  the  revolving  mirror,  0,  an  ohjoci 

ptnced  befo 

re  it,  and  forming  its  image  at  0' ;  when  the  mirror  jrrtvea  at  the 

»',  the  image  will  be  formed  at  0".     But  the  angles,  0'  0  0",  and 

iqual,  because  their  sides  are  perpendicular  to  each  other.     But  the 

inscribed  ai 

ogle  0'  0  0"  is  measured  by  half  the  are  0'  0",  and  the  angle  ^  ««', 

is  measure. 

1  by  the  entire  arc  ».  m' ;  hence  the  arc  0'  0",  ia  double  m  m',  which 

thus  demoi 

Lstrates  that  the  angular  velocity  of  the  imago  is  double  the  angular 
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In  the  eiperimanti  of  M.  Fouoanlt,  u 
giving  tlie  mirror,  m,  a  relocitj  of  600  or 
a,  (ieriation  of  from  eight  ooe-hundredtl; 
Owing  lo  tha  TibrMioo  of  ti 


mpidit-j,  ll 


ba  yet  obtained  hy  this  method  fur  the  abaoiute  veiocitj  of  light  aru  act 
oonsidered  aa  entirelj  correct,  aitbough  of  the  highest  interest. 

Esperiments  have  been  nm-ic  with  the  same  apparatus  to  determine  the  velo- 
city of  light  in  iiquids  as  compared  with  tha  Telocity  in  air.  For  this  purpose 
a  tube,  A  B,  three  jards  long,  is  filled  with  distilled  water,  or  any  other  liquid, 
and  placed  betweea  the  revolving  mirror,  m,  and  the  concave  mirror,  M',  similar 
to  M.  The  rajs  of  light  reflected  by  the  revolving  mirror  in  the  direction 
m  M',  pass  twice  through  the  colnmn  of  fluid  in  the  tube,  A  B,  before  reluruing 
t«  tha  mirror,  V,  The  returning  ray  is  reflected  at  e,  and  forma  an  image  at  h. 
The  deviations  of  the  rays  whieh  traverse  the  liquid  are  greater  than  the  devia- 
tion of  the  rays  which  are  propagated  in  air  alone,  which  shows  that  the  velo- 
city of  light  in  fluids  is  less  than  in  air. 

Fiaeaa's  method.— ^Another  malhod  of  direct  dotarmination  of  the  velo- 
city of  light  has  been  devised  by  M.  Fiacau,  of  Paris,  in  18-19.  An  exposition 
of  this  method,  by  Prof.  A.  Caswell,  will  be  found  in  the  Smithsonian  Report 
for  I85S,  p.  130. 

Resulta.^From  these  and  other  methods  the  velocity  of  light  has 
been  determined  to  he  in  air  192,000  miles  per  Baeood:  in  water 
144,000  milea;  in  glass  128,000  mHes ;  and  in  diamond  77,000  miles. 

405.  No  tbeoiy  of  light  is  entirely  satisfactory. — In  the  cor- 
puscular theory  of  light,  advocated  by  Newton,  it  was  supposed  that 
fluids  and  solids  attracted  the  light,  and  refraction  was  explained  by 
supposing  that  light  moves  faster  in  dense  bodies  than  in  air,  as  is 
known  to  be  the  case  in  regard  to  sound.  AooordinR  to  the  undulatory 
theory,  it  ia  known  that  transverse  waves  or  undulations  must  movB 
slower  in  dense  bodies  than  in  rarer  media. 

The  discovery  of  Poucault,  as  just  eiplained,  that  light  actually 
moves  slower  in  denser  media,  tends  to  confirm  the  undulatory  theory. 

The  immense  power  of  resisting  compression  which  a  medium  ought 
to  possess,  in  order  to  transmit  transverse  vibrations  with  a  velocity  so 
much  greater  than  the  motions  of  the  swiftest  planeta  or  comets,  is  an 
objection  against  the  undulatory  theory  that  has  not  yet  been  satisfao- 
torily  answered. 

The  discuasion  of  the  theories  of  light  belongs  H.  tha  higher  departments  of 
matbamaties, 

406.  Properties  of  light.— (a)  jl6sorp(ion.— Light  falling  upon  any 
BubstanoB  is  either  absorbed,  dispersed,  reflected,  or  refracted,  A  part 
of  tJie  light  disappears  and  is  said  lobe  afisor-fteii,- as  when  light  fallsupou 
blaok  substances.  No  substances  absorb  all  the  light,  for  the  fact  that 
the  blackest  substance  is  still  visible,  shows  that  its  different  parts  emil 
some  of  the  light  which  they  receive. 
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(6)  Dispersion. — Light  falling  upoo  opaque  bodii.*,  causes  them  to 
bueume  luminouB,  or  to  emit  light  in  all  directions,  and  thus  hecoine 
riBible.  Such  bodies  are  said  to  diverse  light,  because  thej  scattPr  the 
light  in  all  direotiona  from  which  thej  are  visible. 

Bodies  owe  the  property  of  dispersing  light  to  the  innumerable  little 
facets  of  the  particles  composing  their  rough  surfnces.  Only  part  of 
the  light  is  thus  irregularly  reflectfld  or  dispersed,  while  much  of  it  ia 
probably  absorbed  or  destroyed. 

(c)  Reflection.— Whea  light  falls  upon  polished  surfaces,  oi'  on  bodies 
having  naturally  smooth  and  uniform  surfaces,  it  is  thrown  off  in  a 
regular  manner,  as  a  ball  rebounds  from  a  hard  floor. 
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{d)  BefTaclion.~^\i  a  straight  rod  ia  placed  obliquely,  partly  ior- 
meraed  in  water,  it  appears  broken  or  bent  just  where  it  enters  the 
water.     If  a  coin,  a,  fig.  305,  is  placed  in  a  305 

cup,  in  such  a  position  that  it  is  just  hidden 
from  view,  and  water  is  then  gently  poured 
into  the  cup,  the  coin  will  appear  to  be  lifted 
up  and  will  become  vi 


Let  e  d  he  the  surface  of  the  water,  the  ray,  a  h,    \ 

^/"J 

ao  bent  or  rcfrncted,  at  the  surface  of  the  water, 

809 

Let  0  B,  flg,  30B,  be  the  SDrfaee  of  water  in  a  Teasel, 

H 

ndioular,  A  R  the  reHected  raj,  and  A  T  the  direo- 

^Tl 

oB  of  the  ray  wliioh  enlerB  the  water   amd  ia  ro- 

^ 

^2^ 

Tha  angle  S  A  N  is  called  the  angh  of  iacide-ace  of 

e  ray  S  A.     The  angle  N  A  B  is  called  the  a.<:yle  of 

V-    / 

jtmlion,  which  ia  in  all  cases  equal  to  tlie  angle  of 

cidencB.     The  line  N  A  N',  is  called   the  normal 

he  angle  T  A  N'  15  called  the  at'gh  ••fnfraciioa. 

»' 

It  we  take  A  a.  Kg.  307,  equal  to  A  J,  and  draw 

m  and  b  11,  each  perpendicslar  to  N  A  N',  thea  am 

a  the  xne  of  xU  ang 

rfifcjice,  and  *  n  is  the  «;.,e  of  the  angle  of  refract! 

0,  and  a  -« 

i-  ided  b 
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dividing  am  hj  bi,'\s  called  thi 
mad  it  is  represeDted  by  n.     Thi 

Tftries  for  dilVorent  mediu  ;  UiQS  for  light  passing  from 
■ir  into  water,  it  ie  about  |,  for  light  pnasing  IVom  Mi 
into  glass,  about  |,  and  about  |  when  light  passes  from 
•Ir  into  diamond.  These  fractions  inverted  give  the 
lodtx  of  rofraotioQ  for  ligbt  passing  out  of  water,  glass, 
uid  diamond,  into  air. 

When  light  passes  from  a  rare  to  a  densei 
medium,  it  is  refracted  towards  the  perpeodieular 
or  Qormal.  and  when  it  passes  from  a  dense  to  & 
refracted  from  the  perpendicular  or  normal. 

The  general  law  of  the  refraction  of  light  ia  thna  stated.  The  in(A- 
dent  lay,  the  refracted  ray,  and  tke  perpendicular  lo  the  refiacling  aurjace 
jt  ihepoinl  of  incidence,  lie  in  the  mmeplane;  and  Ihe  sine  of  ike  angle 
of  incidence  bears  a  constant  ratio,  in  the  same  medium,  to  the  sine  of  the 
angle  of  refraction; 


of  ordinary  dajHgtt 
I,  the  refracted  light 


refraoted  pencil  show 
strongly  refracted  part 
refracted  part  being  red.    Th( 


single  c. 
differently  colored  light. 

407.  Amount  of  light  reflected  at  differ-  \ 
ent  angles  of  incidence. — When  light  falls 
upon  a  transparent  medium  perpendicular  to  its  surface,  nearly  all  the 
light  enters  the  medium,  and  only  a  small  portion  is  reflectect.  As  the 
light  falls  more  and  more  obliquely  upon  the  medium,  the  amount,  of 
light  refracted  diminishes,  and  the  amount  reflected  inc 

If  wB  look  at  the  image  of  the  8un  io  ni 


than  the  images  of  near  objectj,  because  the  ligbt  from  distant  objects  foils  muis 
obliquely  upon  the  water  and  a  greater  amount  is  reflected. 

If  we  look  very  obliquely,  at  a  sheet  of  white  paper,  plaeed  before  a  candle,  an 
Image  of  the  flame  may  be  seen  reflected  from  the  surface  of  the  paper,  but  tb« 
imago  disappears  when  the  rays  fall  upon  the  paper  nearer  tn  the  perpendicular 
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Wlisn  light  falla  upon  any  polished  metallic  surface,  the  greatest 
BDiount  of  Tcflictlon  takes  place  when  the  incident  rays  are  perpen- 
dicalar  tD  the  surface,  and  the  amuunt  of  light  reflected  d^ 
the  angle  of  inciden 
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408.  Internal  reflection. — When  light  passes  through  a  transparent 
medium,  a  portion  yf  the  light  is  reflected  at  each  surface. 
Id  fig  309  S  A  La  a  ray    f  light  incident  upon  the  first  snrfMe  of  a  Irnns- 


e  direction  TA',  of 
ard  from  A',  a  part 


te  to  tbe  CBk 
3  from  a  d( 


409.  Total  reflection.—When  light  p 
medium,  the  angle  of  refraction  is  greater  than  the  angle  of  in  old  en  oe, 
and  when  the  angle  of  refraction  is  OU",  tbe  angle  of  incidence  is  much 
iesH.     For  water  it  is  48°  35',  for  ordinary  glass  it  ia  41°  49',  conae- 
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quently  a  raj  of  light  traversing  water  or  glass  at  greater  angles  cannot 
escape  into  the  air,  but  is  loUiUy  refitded,  obejing  tlie  ordinary  iiiw  of 
reflection.  The  proportion  of  light  suffering  internal  reflection  from  a 
surface  of  glass  or  water,  constantly  inereasea  from  the  perpendicular 
*•  the  point  whore  total  reflection  takes  place. 

Since  the  angle  of  incidence  for  a  dense  medium  is  Klwaya  greater  tTian  the 
»ngle  of  refraction,  whoa  the  angle  of  incidence  is  99°  the  angle  of  refraction 
must  be  ooDsideralilv  less  than  90",  If  the  angle  of  incidence  is  BO",  its  sine 
will  ba  nnity.     Tbe  sine  of  the  angle  of  refraotioo  will  be  unity  divided  bj  the 

indes  of  redaction,  =  -,  hence  the  angle  of  total  internal  reflection  f"r  any 


Fig,  310  shons  light  radial 


-Wl 


411.  Umbra  and  penumbra. — When  an  opaque  object  is  held  in  ft 
pencil  of  light  proceeding  from  a  luminous  gn 

point,  as  3,  flg.  311,  a  dart  and  well-defined  -t^^^^BI 

shadow  is  produced,  which  increases  in  siie  ''  ^^^^^H 

as   it   becomes    more    distant      The   dark 

shadow  i»  called  an  umbia  If  the  light  proceeds  fnm  a  lumm  mt 
body  having  a  seuaible  magnitude  aa  A  fig  312  besides  the  dark 
shadow,  or  umbui  where  no  part  of  the  luminou=  body  is  visible, 
there  will   be   a   much   broade-   partial   shadow,  called   the  pmuTn- 
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bra,  where  a  part  only  of  the  luminous  hody  is  visilile     The  breadth 
of  the  penumbra  increases  irith  the  diameter  of  the  light  and  with  the 


m 


distance  wliich  the  shadow  extends  behind  the  opaque  ohject  fha 
darkness  of  the  penumbra  gradually  increases  from  the  extreme  border, 
which  is  too  faint  to  be  easily  seen,  to  the  umbra  or  fall  shadow,  as  JS 
shown  in  a  section  of  the  shadow,  at  fig.  313. 

412.  Images  produced   by  light   transmiUed   through  small 


apertures,— If  a  white  screen  is  placed  near  a  small  opening  in  a  dark 
chamber,   the    rays   of   light  which   pass  314 

through  the  opening  will  form  on  the 
inyerted  images  of  external  objecta. 

It  will  be  seen  in  fig.  314,  that  the  raya 
of  light  from  the  top  and  the  bottom  of  the " 
object  cross  each  other  in  the  small  opening,  and  thus  inver! 
If  the  aperture  is  small,  the  image  will  be  formed  In  the  eai 
whatever  be  the  form  of  the  aperture.     But  if  the  opening  i 
image  is  indistinct,  or  entirely  dieappears. 

413.  Inteasity  of  light  at  different  distanceH.— The  intensity 
of  light  at  any  distance  from  a  luminous  body,  is  in  315 

an  inyerso  proportion  to  the  square  of  the  dial 

Let  0,  fig.  S15,  bo 


the  image. 
I  large,  the 


414.  Photometero  are  instruments  employed  U>  n 
parative  intensity  of  different  lights.  The  principle  on  which  they  are 
uonstructed  is,  to  so  place  the  lights  that  they  will  illuminate  a  single 
surface,  or  two  adjacent  surfaces,  with  equal  intensity.     The  relative 
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Hansen's  Ptiotometei  h  the  eimplest  and  most  convenient  photometer 

cent  by  washing  it  with  paraffine  or  atearine,  diasolyed  in  oil  of  tnrpentine  or 
,pbths,  except  a  epot  about  an  inch  in  diameter  at  the  centre.     When  this  disk 

moved  to  a  point  where  the  two  lights  have  equal  intsneitj,  all  parts  of  tlis 
paper  have  a  uniform  appearance.  No  light  appears  tD  shine  through,  because 
illumination  is  equal  on  both  sides.  B;  means  of  a  graduated  bar,  on  which 
the  lights  and  disk  are  mounted,  the  distance  of  each  light  from  the  paper  is 
determined,  and  their  respective  intensities  are  calculated  on  the  principles 


;h  is  transmitted  or  rcBccted  from  dif- 
ferent snbstances. 

Rumford's  Photometer. —  Rumford's  photometer  is  composed  of 
two  plates  of  ground  glass,  before  which  are  fixed  two  opaque  rods,  A 
uid  B,  separated  b;  a  aoreen,  fig.  316.  The  lights  to  he  compared,  as 
a  lamp  aod  a  candle,  m  n,  are  eo  placed  opposite  the  rods  that  each 


_ ^._  ^ „_.„     _f  tha 

and  6,  are  of  unequal  intensity,  by  moving  one  of  tha 
lights  backward  or  forward  a  poaition  is  obtained  where  the  shadows 
appear  equally  dark,  and  the  glass  plates  are  thus  known  to  be  equally 
illuminated.  The  relative  intensities  of  the  lights  are  determined  as  in 
the  preceding  case. 

Billiman's  Fhotometer.^Silli man's  photometer  is  the  reverse  of 
Bumford's,  comparing  two  discs  of  light  thrown  up  by  two  equal  trian- 
gular glass  prisms,  upon  a  disc  of  roughened  glass  in  the  body  of  a  dark 
niambor  moving  on  a  gradoated  bar.    (Am.  Jour.  Soi.  [2]  XSXI.  315.1 
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i  2.  Catoptrics,  or  Reflectioii  by  Regular  Surfaces. 

415.  MiixorB  are  solid  bodies  bounded  by  regular  surfaces,  highlj 
polished,  and  capable  of  reflecting  a  considerable  portion  of  the  ligtt 
which  falls  upon  Ihem. 

The  term  mirror  is  generally  applied  to  reflectors  made  of  glass  and 
coated  with  an  amalgam  of  tin  and  quicksilver. 

416.  Specula  are  metallic  reflectois,  haviog  a  highlj  polished 
Burfaoo,  The  best  speculum  matal  consists  of  32  parts  of  copper,  and  15 
parts  of  the  purest  tin.   Specula  are  also  made  both  of  silver  and  of  steel. 

In  the  uae  of  gloss  mirrors,  a  portion  of  ligbt  reflected  from  the  first  snrfaCB, 
interfere!  with  the  perfection  of  the  imogei  hence,  where  the  most  perfect  instru- 

we  shall  notice  onl;  the  action  of  the  principal  reflecting  surface,  and  see  tha 

417.  Forms  of  mirrors. — Mirrors  are  either  plane  or  curved.  Curved 
mirrors  may  be  spherical,  elliptical,  or  paraboloid.  The  properties  of 
elliptical  and  paraboloid  reflectors  have  been  mentioned  in  sections  324 
and  325.  A  concaee  spherical  mirror  is  a  portion  of  the  surface  of  a 
sphere,  I'eSeoting  from  the  internal  side.  A  convex  spherical  mirror  is 
a  portion  of  the  surface  of  a  sphere,  reflecting  from  the  outside.  Curved 
mirrors,  whether  concave  or  oonvei,  may  be  regarded  as  made  up  of  an 
infinite  number  of  nlane  mirrors,  each  per- 
pendicular to  a  radius  drawn  through  it  from 
the  centre  of  the  mirror. 


418.  Reflection  by  plane  mirrors. —  Parallel  rays  of  light,  fiillidy 
npon  a  plane  mirror,  will  be  parallel  after  reflection. 

If  parallelraysonight,  AD,  A'D',  fig.  318,  fall  upon  the  plane  mirror,  M  N, 
tlie;  will  each  make  equal  angles  with  the  perpendJcn-  SIS 

lara,  B  D,  E'  D',  and  as  the  angles  of  incidence  ai 
roHeotion  will  be  cqTial,  the  rcflecled  rays,  D  B,  D'  I 

«iU  oonseqnently  be  parallel  after  reflection. 
If  A  D  represent  the  upper  side  of  the  beam  of  light  before  reaectton 
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parallel  light  ja  inrerled  iti  one  diroction  by  r«il«i 
Diverging  raj/s  of  light,  falling  upon  a  pli 
diverge  after  reflection,  and  will  appear  ti 
macli  behind  the  mirror  aa  the  luminous  point 


M  N,  fig,  319.  If  tbe  ] 
bo  dranD,  the  Ten«<?tef 
wirh  the  porpeadicula 
the  reBeotfld  raya  will 
other  as  thoy  d 


I  befoH 


Converging  rays 


it  of  the  plane  mirror 
.rs,  E  D,  E'  D',  E"  D", 


hey  will  appi 


J  converge  after  reflection  from  a  plane 
,  After  reflection  tliey  will  converge  towards  a  point  as  much  in 
front  of  the  mirror  as  the  distanoo  of  the  point  behind  the  mirror, 
towards  which  they  converged  before  reflection. 

This  i3  easily  seen  by  tracing  the  ray*  of  light  bitokwatd  in  the  preceiiing 
figure. 

Reflection  from  a  plane  mirror  changes  tJie  direction  of  the  raya  of 
light,  and  removes  the  point  of  apparent  convergence  or  divergence  to 
the  oppoaite  siile  of  the  mirror. 

419.  Images  formed  by  plane  miirors. — Let  M  N  be  an  object 
placed  in  front  of  the  plane  mirror,  A  B,  flg.  320,  and  B  the  place  of 
the  eye.     From  the  great  number  of  raya  emitted  in  320 

every  direction  from  M  N,  and   reflected  from  the 
mirror,  a  few  only  can  enter  the  eye  at  E.     These 
will  be  reflected  from  those  portious,  D  F,  G  H,  of 
the  mirror,  so  situated  with  respect  to  the  eye  n 
the  points,  M  N,  that  the  angles  of  incidence  a 
reflection  will  be  equal.     If  the  rays,  D  E,  F  E,  ; 
continued  backward,  they  will  meet  at  m,  and  they        /  'J 

will  appear  to  the  eye  to  radiate  from  that  point.    In  — -tim 

the  same  manner  the  rays  G  E,  H  E,  will  appear  to  radiate  from  n ;  » 
virtual  image  of  the  object  will  therefore  be  formed  between  m  and  n. 

This  is  called  a  virtual  image,  because  it  is  not  formed  of  raya  of  light 
actually  coming  from  the  position  of  the  image,  but  by  raya  so  changed 
in  their  direction,  that  they  appear  to  the  eye  as  though  originating 
from  an  object  situated  at  m  n,  behind  the  mirror. 

If  the  eye  is  moved  about,  the  image  remaina  stationary,  henc 
seen  by  means  of  rays  reflected  from  other  parta  of  the  c 
or  more  persons  may  see  the  image  at  the  same  time  and 
poaition,  but  by  dtfierent  raya  of  li^ht. 


Two 
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420.  Images  tnnltlplied  by  two  suifacea  of  a  glass  mirror, — 
Glass  mirrora  produce  severitl  imngea.  This  may  be  readily  demon- 
strated by  looking  very  obliquely  at  the  image  of  a  candle  in  a  glaea 
mirror.  The  first  image,  caused  by  partial  reflection  from  the  first  sur- 
face of  the  glass,  is  comparatively  faint.  The  second  331 
image  is  furmfid  by  reflection  from  the  quicltsiive  ~ 
which  covers  the  second  surface,  and  is  very  clear  and 
distinct. 

When  raja  of  light  from  any  object  fall  upon  the  first 
Burfaee  of  a  plate  of  glaea,  M  N,  Eg.  321,  a  portion  of  tlie 
light  being  reflected,  forms  the  first  image,  a.    The  prii 
part  of  the  light  paneti 


ifing  w 

1  dH,  prodi 


refiecled 
cover-B  the  baclE  of  the  mirror^  and  CO 

the  thlelinees  of  the  glass, 
ause  the  metjiUic 


I  of  the  glass. 

Other  imagBs,  more  and  more  obeonre,  are  formed  by  rays  which 
emerge  from  the  glass  after  successive  interior  reflections  from  the  twp 
Burfacea  of  the  glass.  As  this  multiplicity  of  images  diminishes  the 
distinctness  of  vision,  metallic  reflectors  are  often  employed  in  optical 


421.  Imagesformedbylightreflected  ^ 

by  two  plane  mirrots, — Let  AB,  fig.  322, 
be  an  object,  and  C  D,  B  F,  two  plane  mir- 
rors, making  an  angle  with  each  other  less 
than  180°.  The  light  falling  upon  the 
mirror  C  D  will  form  an  imago  at  a  b,  the 
position  of  which  may  be  determined  by 
the  method  eiplained  at  section  419,  A 
portion  of  this  light,  after  reflection,  will 
fall  upon  the  mirror  E  F,  and  be  refiooted 
as  if  coming  from  an  image  a'  6',  which  will  be 

To  trace  the  course  of  the  rays  which  en 
object  A  B  ;  let  J  be  the  corresponding  po 


',  therefore  dr^w  the  linw 
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j'(,  and  tliej  will  show  tho  final  couraa  of  the  pencil  bj  which  Ihe 

»nd  thej  will  represent  Om  course  after  reflection  bj  C  D 


j  mecli  the  mirror  C  D,  di 

r  of  the  rays  whioh,  afler  reflecti 


la  the  ] 


the  points  where 
id  they  nill  ahon 
hj  each  of  the  mirrors  C  D,  E  F, 
condarj  imago 


ttbjD. 


to  eaah  other  as  in 
mera  ^utirfa  (513) 


422.  Multiplicity  of  Images  seen  by  meana  of  inclined  mir- 
rors.— -When  an  object  is  placed  between  two  mirrors,  whloli  make 
with  each  other  an  angle  of  90°  or  less,  several  323 

images  are  produced,  varying  in  numbers  accord- 
ing to  the  inclination  of  the  mirrors.     If  they  are  , 
placed  perpendicular  to  eatsb  other,  three  it 
will  be  Been,  situated  as  in  fig.  32lj. 

The  raja  0  0  and  0  D,  from  the  point  0.  form,  a 
single  reflection,  ona  the  image  0',  the  other,  the  i 


423.  Deviation  of  light  reflected  by  t^o  mirrors.— -When  a 
of  light  reflected  by  a  mirror  is  again  reflected  bj  a  second  mirro 
a  plane  perpendicular  to  the  intersection  of  the  two  334 

mirrors,  the  deviation  of  the  ray  from  its  original 
direction  is  equal  to  twice  the  angle  formed  by 
the  two  mirrors. 


Let  two  mirrors,  A 

and  B,  flg.  324,  be   inclined  to 

each  other,  ao  that  the 

c  direotiona  ahaU  meal  at  some 

point,  C,  forming  an 

angle  A  C  B  =  «.     Let  the  raj 

of  light,  S  A,  be  refle 

ted  bj  the  first  mirror  in  the 

lino  A  B,  and  falling  u 

pon  the  second  mirror  be  again 

reflocled  in  the  directio 

B  D,  meeting  the  anginal  dircc- 

tion  S  A  D  in  D.    Let  t 

0  angle  of  deviation  A  D  B  =  d. 

Draw  N  A  n  perpend ieu 

pondieular  to  the  mirr 

r  B.     The  angle  between  these 

perpendicnlara  will  be 

equal  to  the  angle  formed  b;  t 
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=  N  A  B  ==  1,  and  A  B  «  =  .' ,  then  since  N  A  B  =  A  B  i.  +  A  ..  h, 


or  2(90°  —  i)  -j-2i'  -\-d^  IbO"  rf  =  2(t  —  i')  =  2a  ; 

Or  the  deviation  of  an;  ray  after  tnu  reSeLtiona  la  equal  to  tnice  tbe  angle  be- 

424.  Kaleidoscope. — This  beautiful  toy  depends  npuD  the  muUi- 
plication  of  images  b;  iDcliaed  mirrurs.  Tno  mirrora,  inclined  at 
angles  of  30°,  45°,  or  60°  are  placed  in  a  paper  tube,  one  end  of  which 
is  closed  by  plain  and  the  other  by  ground  glass.  Various  objects,  as 
fragments  of  colored  glass,  Cinsel,  twisted  glass,  &c.,  are  placed  in  a 
narrow  cell,  at  the  end  of  the  tube,  closed  with  ground  glass,  just  room 
enough  being  left  to  allow  the  objects  to  tumble  around  as  the  tube  is 
moved.  On  looking  through  this  instrument  towards  the  light,  multi- 
plied images  of  every  object  are  seen,  beyond  all  description  splendid 
and  beautiful ;  an  endless  variety  of  symmetrical  combinations  appear- 
ing to  the  view  as  the  instrument  is  moved,  but  never  recurring  with 
the  same  form  and  color. 

Let  A  C  and  B  C,  fig.  326,  be  the  two  mirrurs  of  tbe  kaleidoscope,  and  let  lli* 
dotted  circle,  described  about  C  as  a  centre,  represent  the  tube  in  nhich  the; 
are  placed;   let  Q  bo   the  position  of  an    object  325 

within  the  angle  formed  by  the  mirrors.     If  Q  is  „ 

in  the  circumference  of  the  circle  described  aboat  A, h- jj 

C,  the  two  series  of  imagea  of  Q  will  bo  formed  in       gj.^-  ' 

ing  formed  by  tbe  mirror  A  C,  and  q'  q"  q'"  q"" 
being  formed  by  the  mirror  B  C.     Since  j,  is  in  a     / 
line  perpendicular  to  A  C,  and  at  the  same  dia-     j 
tanoe  from  A  C  behind  it  aa  Q  is  before  it,  tbat     L 
perpendicular  ia  the  chord  of  the  arc  ft  9,,  and  j,  ?' \ 
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.  tbe  circumference  01 

cle  desc: 

ribed 

about  C. 

Wht 

•-a  we  arrive 

at  any  image,  9,  or  q'"%  fallin 

tbe  figu 

re,  b. 

.  dire 

etiona  of  th. 

bei 

ng  aitua 

tedai 

t  the  back 

of  he 

ith  the  mirr 

be  the  last  of  iia  aerie 

no 

light  fr, 

3m  an 

eh  an  ima 

geca 

n  fall  upon  ( 

lither  mir 

ror. 

According  to  J  423,  the  distance  between  any  two  images,  formed  by 
an  even  number  of  reflections,  will  be  equal  to  twice  the  angle  between 
the  mirrors.  It  is  evident  that  images  formed  by  an  odd  number  of 
reflections  will  be  situated  between  each  two  of  the  former  series  j 


db,  Google 


808  PHYSICS   or  IMPONDERABLE   AGENTS. 

hence  the  entire  □umber  of  itiinges  seen  in  the  haleidoecope,  inoludiiig 
the  object  itself,  will  be  equal  to  360°  divided  by  the  angle  eontnined 
between  the  mirrors.  If  the  inclination  of  the  mirrors  is  60°,  the  num- 
ber of  images,  including  the  object,  will  be  six ;  if  the  inclioatiua  is  45", 
tiie  number  will  be  eight;  and  for  30°  every  object  will  appear  as 
twelve.  If  the  inclination  of  tlie  mirrors  is  smalt,  the  imagen  formed 
bj  many  successive  reflections  become  too  faint  to  be  distinctly  seen. 

425.  Hadley'a  aeitaat  is  an  instrument  ijepending  on  reflection 
from  two  mirrors,  and  used  chiefly  by  seamen  for  measuring  the  alti- 
tudes and  angular  distances  of  the  heavenly  bodies. 

Tno  miirore,  a  and  b,  fig.  SSS,  are  ao  mounted  tbat  the  angle  of  inclination 
oan  be  varied  at  pleasure.  The  mirror  a  ia  attached  ta  a  morable  arm,  a  C, 
Tbich  turns  about  the  centre  of  tbe  graduated  4^26 

wbicb  minule  divisions  of  (be  graduated  arc 


firml;  attscbed  to  the  .frame  of  tbe  instru- 

ment, and  tbe  outer  portion  bas  tbe  silvering 

removed,  so  tbai  an  eye  placed  at  e  sees  the 

distant  horizon,  or  an;  other  object  to  wliich                  « 

it  ia   directed,   in   ita    true    position.      The    ■^>      i^' 

mirror  a  is  turned  with  the  index  arm  x  C,                   / 

until  any  other  object,  as  the  sun,  moon,  or  a                / 

atar,  whose  light  is   twice   reflected   ia   the              / 

direotions    3  a  b  e,   appears   to    coincide    in           / 

direction  with  the  horizon  or  other  object,  H,      V 

seen  by  direct  light,  from  which  ita  angular    ^W^J 

diatanoe  ia  to  be  measured.     The  tflleseope  at            ^^ 

gar-^-^B-rJb^ 

t  ia  used  to   faoilitate  accurate  observation. 

The  diviaioaa  of  tbe  graduated  arc  and  vernier  ore  als 

t.  read  by  the 

magnifying  lena,  not 'shown  in  the  figure.     The  deviati 

on  of  the  ray  f 

being  twice   reflected,  ia,  by   |   423,   twice   the   angle 

contained  bctn 

mirrors,  or  twice  the  degrees  contaiucd   between  A  C 

;    half  degrees 

«o»le  are  therefore  marked  as  whole  degrees.     The  readi 

ng  by  the  vern 

tliB  altitude  or  angular  distance  of  the  observed  object. 

3  ^nd  convex  spherical  mitrota. — If  an  arc  of  a 
circle,  M  N,  fig.  337,  is  made  to  revolve  around  a  line,  ACL,  drawn 
through  its  centre  of  figure  A.  and  337 

its   centre  of  curvature   C,  it  will  ji 

generate   a   curved  surface,  which  ~?,  ~~        .  ■  ^.-"j^^ 

will  be  a  segment  of  the  surface  of   ^ — "''i-^-'.^^J'' 

asphere,  Internally,suchapolished  '  ■'"  ^y 

gtirfaee  is  called  a  concave  mirror,  ~^ 

and  esternally  a  convex  mircor.     The  line,  A  C,  is  called  the  piincipal 
Itsis  of  the  mirror,  and  any  other  line  drawn  through  the  centre  of 
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eatvatnre,  0,  is  called  &  secondary  asis.  The  angle  M  C  N 
the  angular  aperture  of  the  mirror.  A  Rection  made  by  a  pi 
ing  through  the  principal  axis,  A  C,  is  called  the  principal  a 
a  meridional  section. 

,  easily  deduced  froi 
D  tbo   curved  mirn: 


The  tlie«fy  of  tefls 

Qlion  from  curved  mirro 

IB  mirrors.      Every  poi 

legarded  aa  a  point  ii 

1  »  pl«ne  mirror  ao  aiW: 

fte  raj  of  light  falls 

upon  it,  eoineides  with 

that  point. 

rvcd  mirror  »t 

e  drawn  from  any  point  in  a  spherical  mirror  to  the  centre  of 
rill  be  perpendicular  to  the  mirror  at  that  poinf,  and  alsc 
perpendicnlar  to  any  plane  mirror  touching  the  curved  mirror  at  that 

427.  Fool  of  concave  miirors  for  parallel  rays, — The  focus  of 
A  concave  mirror  is  the  point  towards  which  the  reflected  rajs  coa- 

(o)  Parallel  raya  falling  near  the  asis  of  a  oonOBve  mirror,  flg.  327, 
conyerge,  after  reflection,  to  a  point  equidistant  between  the  mirror 
and  the  centre  of  the  sphere,  of  which  the  mirror  forms  a  part.  This 
point  is  called  (he  principal  focua. 

Rays  of  light  emanating  from  the  principal  focus  of  a  concave  mirror, 
will  be  reflected  parallel  to  each  other- 

JJ™oin(ra lion.— The  linea  C  M,  C  B,  C  D,  fig.  327,  drawn  from  the  oentra  of 
curvature  of  the  mirror,  MN,  are  perpendicular  fo  the  mirror  at  those  poinW, 
The  parallel  rajs,  H  B,  G  D,  will  conyerge,  after  reHsetion,  to  the  point  P.  It 
is  oyident  that  the  nngle  of  reflection,  C  P  P,  for  any  ray,  will  b«  eqnal  to  the 
angle  of  incidence,  GDC;  but  G  D  G  ia  equal  to  D  C  F,  which  is  Che  alternate 
angle  formed  bj  aline  D  C,  nieeting  two  parallel  lines,  G  D,  L  A ;  hence  in  thit 
triangle,  C  F  D,  the  angles,  F  C  D  and  F  D  C,  are  equal,  and  Iherefora  the  sides, 
C  F  and  P  D,  are  equal.  If  the  point,  D,  gradually  approaches  the  point.  A, 
CP  +  FD  willdifferksaandleBaftomCA,  until  their  sum  will  be  sensibly  eqnal 
to  C  A,  and  F  A  will  be  sensibly  equal  t«  one-half  of  C  A  i  or  the  focus  of  parallel 

--  ■         -        -■     ■-  -  ir  N,  the 


,D,rec 

edes  from  A  towards  M, 

pohil,  F,  will  gradaally  approach  A, 

or  the 

focal  distanca  will  dim 

concBve  spherioaJ  mirror  will  therefor 

B  roflei 

it  parallel   raya  to  a  air 

point  only  when  the  diameter  of  the  mil 

mall.     Practically  it  is  fi 

the  diameter  of  the  mirror,  or  tlie  angn 

lar  ape 

rture,MCN,  should  not 

428.  Pool  of  diverging  raya. —If  rays  of  light  falling  upon  a  con- 
uaye  mirror  diverge  from  a  point  beyond  the  centre  of  curvature,  they 
will  converge,  after  reflection,  to  a  point  between  the  principal  foona 
and  the  centre  of  curvature.  This  point  of  convergence  is  called  the 
conjugate  focus,  because  the  distance  ol  the  radiant  point  and  the  focu« 
29 


d  by  Google 


OP   IMPONDERABIE   AGENTS. 

to  which  the  rajs  cooTerge,  aft«c  reflection,  have  a,  mutual  relation  to 
each  other.  328 

Let  faja  divorgiDg  from   a,  poinl^  L,        ~    _ 
fig.  326,  fall  upon  s  ooncare  mirror,  tha     " 
ntisle  of  incidsQce,  L  K  C,  nill  be  smaller  J 
than  S  KC,  vhio'i  is  theangle  of  inot'le 
for  parallel  mjB  falling  upon  the  mirro 
the  same  f  oiot.    The  angle  of  reflection, 
CKl,  »ill  also  be  smaller  tbaa  C E F ,  hence  the  ray,  L  K,  will  he  so  reflacUd 


C,  tbe  I 


lof  ei 


mt,  I,  betireen  V,  tha  prmcip^  fooas, 


determined.    In  the  triangle  L  K  Uhe  ra<iiB8  K  C  biae 


CL:iC  =  LK:(K    .'.    —  = 
TTI'.en  the  incident  pencil  is  very  small,  L  K  = 


md  ( K  =  J  A,  lery 


Let  L  A  =  «,  ;  A  =  D,  C  A  =  radius  of  the  mirroi  =  r,  a 
principal  focal  lenglh  =:/.     Tlien/=  -,  and  by  substituting  tt 

u—r       r— »                                                 1        1         1 
= ■   DiTidiog  by  r  we  have ■  =  - 


If  the  luDiinoua  point  is  reiaoyed  to  I,  the  refleotad  rajs  irill  meet  at 
L.  If  tlie  luminous  point  ia  placed  at  the  centre  of  curvature,  C,  all 
tho  raya  will  fall  perpendicularly  upon  tha  mirror,  and  be  reflected  back 
to  the  pcint  C,  from  whence  they  came. 

If  the  luminous  point  is  situated  between  the  centre  of  curyature  and 
Qte  principal  focus,  the  conjugate  foouB  will  be  removed  beyond  tho 
oentre  of  curvature,  and  become  more  aud  rqore  distant  ss  the  luminous 
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point  approaches  the  principal  focus.  When  tlie  luminous  point  arrives 
at  the  principal  focus,  the  conjugate  focus  will  be  remoTed  to  an  infinite 
distance,  or,  in  other  words,  the  reflected  rays  will  become  parallel. 
While  the  radiant  point  has  removed  from  C  to  F,  the  conjugate  focus 
has  removed  from  C,  to  an  infinite  distance 

428.  Converging  raya. ^Virtual  focus  — If  the  radcant  point 
paasea  from  the  principal  focus,  F,  towardo  the  mirror,  as  in  fig  329, 
it  is  evident  that  the  reflected  ravs  will  diverge  as  329 

though  emanating  from  a  point  I,  behind  the  mirror, 
tailed  the  virtual  focvs. 

When  the  radiant  point  is  near  the  principal 
focus,  between  it  and  the  mirror,  ths  virtu^Ll  focus 
of  th:  divergent  reflected  rays  will  be  at  a  very 
great  distance.  As  the  radiant  point  ountinaes  to  approach  the  mirror, 
the  virtual  focus  also  approaches  it.  While  the  radiant  pjint  passes 
from  the  principal  focus  to  the  mirror  the  lOniugafe  virtual  focus,  or 
point  from  which  the  reflected  rays  appear  to  diverge  pjisios  from  an 
infinite  distance  behind  the  mirror,  to  the  sarfate  of  t!ie  mirror  or  to 
the  radiant  point  itself. 

These  propositions  may  be  easily  proved  by  giving  to  u  appropriate 
values  in  the  formula. 

430.  Secondary  axes. — Oblique  pencils. — If  the  luminous  point, 
L,  fig.  330,  is  not  situated  in  the  principal  asis  of  the  mirror^  a  lina 
drawn  from  the  radiant  point  through  the  centre  330 

of  curvature,  as  L  C  B,  wilt  constitute  a  seeond- 

ary  axis,  and  the  focus  of  the  oblvjtie  pencil  of  » 

rays  diverging  from  L,  will  be  found  in  this 

secondary  axis.     In  the  same  manner  we  may 

draw  secondary  axes,  and  determine   the  foci, 

whether  real  or  virtual,  for  any  number  of  points  in  a  luminous  object. 

431.  Rule  for  oonjagate  fool  of  oonoave  minors. — Multiply  tht 
distance  of  the  radiant  point  from  ike  miiror,  hy  the  radius  of  curvature, 
and  divide  this  product  by  ituice  Ike  distance  of  ihe  radiant  point,  mtnu* 
the  radius  of  curvature  of  the  mirror,  and  the  quotient  mil  be  ihe  distance 
of  the  conjugate  fociis  from  the  mirror. 

If  the  quotient  given  by  this  rule  is  negative,  or  if  twice  the  diatonpe  of  ths 
radiant  point  is  Lesa  than  tho  radiue  of  curvntiiro,  the  conjugate  focus  will  be  a 
virtual  focus  hehind  the  mirror,  and  the  reflected  raya  will  diverge. 

432.  CoitTex  splierioal  mirrors. — The  efi'ects  attending  the  reflec- 
tion of  diverging,  converging,  or  parallel  rays  of  light  by  convex 
reflectors,  are,  in  general,  tie  opposite  of  the  effects  produced  bj  con- 
cave  reflectors.     The   foci  of  parallel   and   diverging  raya  of  light, 
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reflected  by  a  eonves  refieetor,  are  at  the  eami  distance  as  for  concave 
mirrora,  but  they  are  situated  behind  the  reflector,  and  are,  hence,  only 
virtual  foci.  Light  converging  towards  any  point  beliind  a  convex 
mirror,  more  distant  than  the  centre  of  curvature,  will  diverge,  after 
reflection,  from  a  virtual  focus  between  the  centre  of  curvature  and  the 
principal  focua.  Rays  conrerging  wward  the  principal,  viitual  focus, 
will  lie  reflected  parallel ;  but  rays  converging  towards  a  point  nearer 
te  the  mirror  than  the  principal  focus,  will  be  reflected  to  a  real  focus 
in  front  of  the  convex  reflector.  331 

Tf.jse  phenomena  will  be  readi- 
ly understood  by  an  eiamina-  -S — 
tion  of  fig.  331.  The  ray  S  I  is  ^ 
reflected  in  the  direction  FIM; 
LE  is  reflected  in  the  direc- 
tion IE  G,  and  reciprocally, 
Gf  E  is  reflected  in  the  direction  E  L,  and  M  I  in  the  direction  I  S 


iof/in  tbs  formula  for 


Th9  rormnla  fo 

r  the  conve»  miri 

>r  the  eoDOavB  ai 

Siace  She  focus  1 

■we  caU  the  vail 

Ifl  of/ for  the  00 

lis  nonvei  aim 

)r.    If  therefore 

from  itblch  it  appears  tbat  tbe  value  of  c 
Hve,  that  it,  n  and  v  are  on  oppoeilfl  side' 
inalead  of  v  in  the  above  formula,  it  wii 


have  for  the  c 


=  7+- 


/  +  " 


433.  Images  formed  b7  concave  mirrota. — The  principles  already 
explained  enable  us  to  understand  the  forniation  of  images  by  concave 
mirrors.  Let  A  B,  fig.  332,  represent  an  object  placed  before  a  concai  a 
mirror,  beyond  its  centre  of  jja 

curvature.     The   lines,  A  0 
and  B  C,  drawn  through  tbe    , 
centre  of  curvature  from  the    ' 
extremities  of  the  object,  are 
the  secondary  axes  in  which 
the  extremities  of  the  image,  a  b,  will  be  formed,  at  a  distance  &om  th* 
luirror  equal  to  the   onjugate  foci  for  the  extreme  points  of  the  object. 
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This  image  is  real,  iDverted,  smaller  than  the  object,  aad  placed  between 
the  centre  of  curvature  and  the  principal  focus. 

If  a  6  ia  regarded  as  the  object,  placed  between  the  centre  of  curva- 
ture and  the  principal  focus,  an  enlarged  image  will  be  formed  at  A  B. 
If  the  object  is  plated  at  the  principal  focus,  no  image  will  be  formed, 
because  the  rays  from  each  point  of  the  object  will  be  reflected  parallel 
to  an  axis  drawn  through  the  centre  of  3S3 

curvature   from   the  points  where  they  ?~s:^= 
originate.  _  _  _  J 

If  the  object,  A  B,  is  placed  entirely  on 
one  side  of  the  principal  axis,  as  in  fig. 
333,  it  is  evident  that  ita  image,  ab,  will  be  formed  on  the  opposite  side 
of  the  principal  axis. 

434.  Virtttal  images. — If  the  object,  A  B,  fig.  334,  is  placed  between 
the  mirror  and  the  principal  focus,  the  incident  rajs,  AD,  A K,  take, 
after  reflection,  the  directions,  D  I,  K  H,  and  334 

their  prolongations  backward,  form  at  a 

virtual  image  of  the  point  A.     In  t' 

manner  the  imnge  of  B  is  formed  a 

that  the  image  of  A  B  is  1 

image,  in  this  case,  is  a  virtual  image,  erect,   ' 

and  larger  than  the  object. 

From  the  preceding  illustrations,  it  is  evident,  that,  when  an  object 
is  placed  before  a  concare  mirror,  more  distant  than  the  centre  of 
curvature,  the  image  is  real,  but  inverted,  and  smaller  than  the  object ; 
as  the  object  approaches  the  centre  of  curvature,  the  image  enlarges 
and  becomes  equal  to  the  object  and  coincides  with  it ;  TCben  the  object 
approaches  nearer  to  the  mirror  than  the  centre  of  ourrature,  the  image 
becomes  larger  than  the  object,  and  more  distant  from  the  mirror. 
When  the  object  arrives  at  the  principal  focus,  the  image  becomes 
infinitely  distant,  and  disappears  entirely ;  -when  the  object  approaches 
nearer  to  the  mirror  than  the  principal  focus,  an  erect  virtual  image, 
larger  than  the  object,  appears  behind  the  mirror. 

435.  Formation  of  Images  by  convex  mfrrora.— Let  A  B,  fig. 
335,  be   an   object  placed   before   a  convex  3M 

mirror,  at   any  distance   whatever.     If  we  ^ '"^^i:!^  ' 

draw  the  secondary  asea,  AC,  BC,  it  fol-  |  '^~°''^^^^  ■.■l?-^i-:-=,^ 

Iowa,  from  what  has  been  said  (433)  concern-  J    _ — -  ''^A^'"'""~ 

ing  the  construction  of  foci  of  conveimirrors,  ^  ic^^^-'^t 

that  all  the  rajs  emitted  from  the  point  A,  diverge  after  reflection,  ano 

that  their  prolongations  backward  converge  to  a  piint,  a,  which  is  a 


led  at  6,  BO  t  "'""■■ 
t  a  b.     The    I 
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virtual  image  of  the  point  A.    Id  the  same  mancer,  rays  emitted  from 
the  point  B,  Ctrm  a  vinual  image  of  tliat  point  in  b. 

Whatever  may  be  the  position  of  an  object  before  a  convex  mirror, 
the  image  is  alirays  formed  behind  the  mirror,  erect  and  smaller  tttan 
the  object. 

436.  Qeneral  rule  for  conatrncUne  images  foimed  by  mlrrora. 
' — To  construct  the  image  of  a  point ;  1.  Draw  u  secondari/  axis  front 
thai  point;  2.  Take  Jrom  the  given  point  any  incident  ray  whatever t 
Join  the  point  of  incidence  and  the  centre  of  curvature  of  the  mirror  by  a 
right  line;  thig  will  be  the  perpeadiadar  aC  thai  point,  and  will  show  the 
angle  of  ineidence;  3.  Draw  fr<na  the  point  of  incidence,  on  the  other 
side  of  the  perpendicular,  a  right  line,  which  shall  make  with  U  an  angle 
equal  to  the  angle  of  incidence.  This  last  line  represents  the  itfeded  rag, 
which,  being  prolonged  until  it  croeaea  the  secondary  axis,  determines  the 
plaee  where  the  image  of  the  given  point  is  formed,  i.  Determine  the 
position  of  any  other  point  in  the  olgect  in  the  same  manner. 

437.  Spheitcal  abeTration  of  mirrors. — Caustics. — ^The  rays 
from  any  point  of  ao  object,  placed  before  a  sphericaJ  mirror,  concave 
or  conves,  do  not  converge  Bcnaibly  to  a  single  point,  unleaa  the  aperture 
of  the  mirror  is  limited  to  8°  or  10°.  If  the  aperture  of  the  mirror  is 
larger  than  thia,  the  rays  reflected  from  the  borders  of  the  mirror  meet 
the  asis  nearer  to  the  mirror  than  those  which  are  reflected  from 
portions  of  the  mirror  very  near  to  the  centre.  33,:; 
There  results,  therefore,  a  want  of  clearness  o: 
tinctness  in  the  image,  which  is  designated  spherical  I 
aberration  by  reflection. 

The  reflected  raja  cross  each  other  s> 
two  and  two,  and  their  points  of  intersection  form  ir 
space  a  brilliant  surface,  called  a  caustic  by  refleo-l 
tion,  curving  towards  the  axis,  as  shown  in  fig.  336,  ■ 
where  C  is  the  centre  of  curvature,  F  the  principal  focus,  and  d  the 

J  3.   Dioptrics,  or  ReEtactioa  at  Regular  Surfaces. 


438.  Prisms  and  lenses,  are  bodies  having  certain  regular  forma, 
sections  of  which  an;  shown  in  fig. 
337. 

A  prism  is  a  solid  having  three 
or  more  plane  faces  variously  in-i 
dined  to  each  other  as  shown  at  A,  fig.  337.    The  angle  formod  hy 
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the  faojs,  A  R,  A  S,  is  tlie  lefriictJng  angle  of  the  prism.  For  some 
purposes  prisms  are  used  having  more  than  three  pkne  facte. 

A  ieiw  is  a  portion  of  some  transparent  subetauce,  as  glass  or  crystal, 
of  which  the  surfaces  are  generally  either  both  spherical,  or  one  plane 
and  the  other  spherical.  The  axis  of  a  leas  is  the  line  joining  the 
centres  of  the  spherical  surfaces  when  both  are  curved,  and  the  line 
perpendicular  to  the  plane  surface  which  paeses  through  the  centre  of 
the  other  surface  when  one  side  is  plane.  When  the  surfaces  of  lenses 
are  of  diflferent  kinds,  they  are  named  in  reference  (o  the  side  on  which 
the  light  first  falls. 

If  the  figures  C,  D,  B,  F,  O,  H,  I,  were  reyolved  around  the  axis, 
M  N,  they  would  severallj  describe  the  solid  lenses  they  are  intended 
to  represent. 

In  explaining  the  properties  of  lenses,  and  showing  the  progress  of 
light  through  them,  we  make  use  of  »uch  sections  as  are  shown  in  the 
figure,  for  every  plane  passing  through  the  axis  has  the  same  fortn,  and 
what  is  true  of  one  section  is  true  of  all. 

A  plane  glass,  B,  is  a  plate  of  glass  having  two  plane  surfaces,  a  b, 
t  d,  parallel  to  each  other. 

A  sphere,  shown  in  section  at  C,  has  all  parts  of  its  surface  equally 
distant  from  a  certain  point  within,  called  the  centre. 

A  double  convex  lens,  D,  is  a  solid  bounded  by  two  convex  surfaces, 
which  are  generally  spherical. 

A  plano-conrex  lens,  E,  has  its  first  surface  plane,  and  the  oUier 

A  double  concave  lens,  F,  baa  two  concave  surfaees  opposite  to  each 
A  plano-concave  lens,  G,  has  its  first  surface  plane,  and  the  other 


>wn  at  H,  has  one  surface  convex,  and  thetither  con- 
ures  being  such  that  the  two  surfaces  meet,  if  oon- 
ens  is  thicker  in  the  centre  than  at  its  edges,  it  may 

X  knit,  shown  at  I,  has  its  first  surface  concave,  and 
the  other  convex,  but  the  curvatures  are  such  that  the  surfaces,  if  con. 
tiuued,  would  never  meet.  As  therefore  the  concavity  exceeds  the 
convexity,  it  may  be  regarded  as  a  concave  lens. 

II.    REFRiCTIOS  AT  PLANE  SURFACES. 

439.  Refraction  by  prisms.— If  a  ray  of  light,  In,  fig.  338,  falls 
Jbliquely  upon  a  transparent  medium,  whose  opposite  plane  faces  are 
not  parallel,   the  ray  will  be  refracted  at  the  first  surface,  and  take 


tinned. 
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a  direction  nearer  to  tlie  perpfendicular.  Now  if  the  position  of  the 
itujident  raj;  and  the  iaelination  of  tlie  faoea  of  the  medium,  are  as 
ahomn  in  the  figure,  it  is  obvious  that  the  emergent  33B 

ray,  n'  I',  will  be  turned  still  further  from  its  originnl 
direction.  It  is  evident  that  any  other  position  of  the 
second  refracting  surface  would  cause  a  correspond- 
ing alteration  in  the  dirSetion  of  the  emergent  ray. 

Lei  a  be,  &g.  3S9,  be  a  sectionof  a  trianguUr  ptism,  f  n  R 
ih;  of  ligbt  incident  al  n,  Ona  tbe  perpendicular  at  thai 
point,  n  n'  will  be  the  course  of  the  ray  of  ligbt  tbrough  the 
prism,  and  ..'  I'  the  emergent  raj. 

If  the  prism  is  more  dense  than  the  surrounding  medium,  the  liglit 
(he  prism,  whatever  ma;  be  the  angle  of  incidence,  but  if  the  angle  of 
(nO,  diminishes,  then  ther»r,nn',  nLll  fall  more  obliquely  upon  the  a. 


a  of  the  in 


nil)  emergi 


n'j)  deviates. 

If  a  candle  is  viewed  through  a  triangular  prism,  on  slowly  turning 
ihe  prism  about  its  axis,  ;i  certain  position  will  be  found  where  the 
apparent  position  of  the  candle  differs  least  from  its  real  position.  In 
whichever  direction  the  prism  is  now  turned,  the  difference  between  the 
real  and  apparent  position  of  the  candle  increases. 

440.  Method  of  determining  the  index  of  refraction. — ^Let 
lan'p,  fig.  -Ml,  be  the  direction  of  the  raj  of  light  when  the  deviolion  eanaed 
by  tbe  prism  is  a  minimum.     Draw  h  b  parallel  to  the  34]^ 

n'  p.     Let  D  =  i  *  r,  the  entire  deviation  eanscd  1 
prism ;  rf  1=  A  6  n,  the  complement  of  the  angle  of 


of  the  pris 


, 

=  »' 

io  =  c« 

>,theeomple 

:  of  the  a 

ngleofemer- 

ge 

In  tills 

case  the  angl 

■  inoiden 

e< 

are  equal 

,  hence  d  = . 

°i  beinrtte         - 

igle. 

jf  inoiden 

ce,  D  —  180"' 

;  ;  substituting  in 

Lines 

of  d  and 

q,  w8  have  D 

nd  i  =  i  (D  +  ff) 

in 

flg- 

339,  repi 

-esent  the   an 

gle. 

formed 

with  the  perpend;, 

iing  the  p 

rism,  a  +  y  - 

and  whe 

n  the  angles  of  in 

p,nce 

oie  equal. 

x^y.     IfK 

equ 

nis  the  i. 

idei  of  refraction. 

„,■""■', 

or, 

sit 

■.  i  (D  +  g) 
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441.  Plane  glass. — A  ray  of  light  passing  through  a  plane  glasa,  or 
any  otlier  medium  of  uniform  density  bounded  by  parallel  faces,  will 
have  the  emergent  ray  parallel  to  the  incident  ray.  Parallel  rays  of 
light  passing  through  plane  glass  are  parallel  after  emergeuce,  and  the 
emergent  raya  are  parallel  to  the  incident  rays. 

ibe  mediuin  will  mabe  equal  angles  with  the  perpea- 
st  /  be  the  anglB  of  incideaee,  1{  the  angle  of  rafrae- 
;  also  the  internal  angle  of  ioeidenoe  on  the  second 
jf  emergence.     Then,  if  n  repreaenta  tba  index  of 


If  the 

two  Burfao 

the  ray  o) 

r  light  trav 

dieular  al 

.  both  Borff 

tion  at  th 

B  first  surfi 

surface,  e 

md  E  the 

.,  we  shall 

Or  the  aBgks  of  in 

parallel  to  the  emer. 

arallel  ir 


lident  r 


a  will,  after  pai 


ing  tbrough  the  gh 


Let  M  N,   fig.  312,   bi 
hounded  by  parallel  surfaces,  the  rays  A  B,  A'  £ 
refracted  towards  the  perpendicular,  on  entering  the 
and  emerging  at  C,  C,'  they  will  he  letVacted  from 
pendicular,  and  take  the  directions,  CD,  CD',  parallel 
eaeh  other,  and  parallel  to  their  directions  before  eolori 
the  medium.     The  displacement,  A  a,  A'  a',  is  the  latci 
aberration  prodnced  by  transmiaaion  through  a  homogene 
by  parallel  surfaces.    The  amount  of  lateral  aberration  iuc 
uess  of  the  medium,  and  it  also  increases  with  the  obliquity  of  the 

442.  Iiigbt  passing  tbrougli  parallel  strata  of  different  media. 

— It  is  found  by  experiment  that  if  a  ray  of  light  passes  through  a 

aeriesof  plates  of  dense  inedia,  all  the  refracting  surfaces  being  parallel 

planes,  that  the  emergent  ray  is  parallel  to  343 

the  incident  ray.     It  therefore  follows,  that 

the  direction  of  the  ray  in  passing  through 

any  one  of  the  plates  is  parallel  to  the  course 

it  would  have  taken  if  it  had  eDt«red  the 

plate  directly,  or  if  that  plat«  had  been  the 

first  in  the  series. 

Let  P  A  B  C  Q,  Eg.  343,  he  the  oourse 
of  light  paESing  through  two  parallel 
dense  media,  the  second  medium  being  n 
than  the  first,  and  P'  D  E  Q'  the  eaatst 
g  the  firsi 


B  tf,  ai 


I  also  B 


rallel 


ray  passing  through  the  second 
.rallel  to  P'  D,  €  Q  will  be  parallel 
1.     We  may  consider  the  raj  of 
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Hence;  The  index  rif  refraclion/or  light  parsing  from  one  medium  to 
another,  is  egual  to  the  index  of  refraction  of  the  second  medium  ditrided 
by  the  index  of  refraction  of  (he  first  medium. 

443,  Fenoila  of  light  refracted  at  plane  enrfaces. — When  s 
pencil  of  light  fulls  upon  a  plane  surface  of  anj  dense  medium,  it  is  so 
changed  by  refraction  that  a  diverging  pencil  is  made  to  diterge  from 
a  fbciiB  without  the  medium  more  distant  from  the  dense  medium  than 
before  it  entered  it;  and  a  converging  pencil  is  made  to  conrerge  to  a 
fooua  within  the  dense  medium  more  distant  from  its  surface  than  before. 

Let  Q,  fig.  344,  be  the  focua   of  incident  344 

rays,  and  Q  A  B  the  ray  which  enters  tl 
medium  perpendieulady  ta  its  surface,  auffe 
log  no  deriatlon.  Let  Q  P  be  any  obliqi 
ray  meeting  the  eorfaee  at  P ;  let  N  P  N' 


,e  A  Q  at  j'.     The  angle  of  ir 


I  B~"^ — r^ t 


e  QPN  =  PQA,  and 


Also  the  index  of  refrai 


Sin.  PQA  = 


PQ 


Pi' 


m 


If  the  pencil   is   very  smal],  PQ   =  AQ,  and    Pj'   =   A9'  nearl 
A(f'  =  n.AQ,    If  we  let  AQ  =  u,  and  Ag'  =  u',  then  k'  =  nu,  whioh  de 

When  the  pencil  ia  large,  and  P  ia  so  far  from  A  that  ne  cannot 
liP  =1  (JA,  let  i  =  the  angle  of  incidence,  i'  =  angle  of  refraction  :— 

We  have  QP  =  -^.;  j'P  =  -^  ; 
And  since  j'P^n.QP   .-.  u' =  n. — ^n. 
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SioSB  tha  ooalae  of  i'  is  greatar  than  oosiae  o 
than  XH,  the  first  Tslue^  this  ebons  that  s  [ 
■hen  refracted  at  a  plana  surface.  The  form 
than  B,  or  that  the  foaus  of  the  pencil  aft«r  rei 
foons  of  the  incident  raja.  If  the  pencil  of 
incident  rsys  converges  to  &  point,  Q,  within 
the  dense  medium,  as  ia  fig.  34&,  the  pencil  of 
the  refracted  rays  will  oonierge  to  point  q'. 
Solving  the  triangle  Q  P  ;',  wo  should  find  the 
eame  result  as  hefore;  orAj'^n.AQ. 

Therefore ;    When  a  pencil  of  light  is 
rtfracfed  at  a  plane  surface,  the  focus  of 
the  Te/racled  rays  ia  on  the  same  side  of  the  refr 
focua  of  incident  rays,  and  at  a  distance  equal  to  the 
focus  of  incident  rays  multiplied  by  the  index  of  refr 


ig  irom  the  dense  medium  to  a  rater 
towards  g',  fig.  344,  then  the  foeus  of 
'  nearer  to  the  reFraetiDg  surface  than 


If  the  ntys  had  been  ] 
medium,  as  fixnn  q',  fig.  345, 
refracted  rajs  would  be  at  Q, 
the  focus  of  incident  rays. 

If  the  raja  proceed  from  a  dense  to  a  rarer  medium,  and  if  n  still 
represent  the  index  of  refraction  for  light  entering  the  dense  medium, 
the  index  of  refraction  for  light  passing  from  the  dense  to  the  rare 

medium  will  be  n'  =  -. 

The  index  of  refraction  for  light  passilig  frohi  air  into  water  is  n  =  |, 
and  hence  »'  =  -  =  J,  for  light  passing  from  water  into  air. 

If  therefore  «  represents  the  actual  distance  of  an  object  below  the 
surface  of  water,  and  v'  its  apparent  distance,  u'  ^  n'.u  ==  |«,  that  is, 
the  apparent  distance  below  the  surface  of  the  water  is  only  three-fourths 
of  the  real  distance ;  or  water  is  a  third  deeper  than  it  appears  to  be. 
As  every  point  in  an  object  appears  elevated  one-fourth  as  much  as  ita 
distance  below  the  surface  of  the  water,  a  pole  or  cane  thrust  obliquely 
into  the  water  appears  bent,  or  broken  (40ti),  just  at  the  surface  of  the 

It  follows  also,  from  the  preceding  considerations,  that  an  object  im- 
mersed in  water,  or  any  other  transparent  dense  fluid,  appears  larger 
than  when  seen  in  the  air. 

As  the  atmosphere  diminishes  in  density  very  rapidly  above  the 
earth's  surface,  a  man  upon  the  top  of  a  steeple  or  tower  looks  much 
sranller  than  when  seen  at  an  equal  distance  on  level  ground ;  and  an 
object  at  the  foot  of  the  tower,  will,  for  the  same  reason,  appear  larger 
when  viewed  from  the  top  than  if  placed  at  the  top  of  the  tower  and 
Viewed  'rom  below. 
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444.  Penoile  of  light  transmitted  through  plane  glasb  ^1A  hea 
A  peni.U  of  light  is  transmitted  through  a.  plane  glass,  the  focus  of  the 
emergent  raja  is  removed  from  tJie  focus  of  the  iacidcnt  rajs,  In  tha 
direction  that  the  tight  is  moving,  a  distance  equal  to  the  quotient 
arising  from  dividing  the  thickness  of  the  glass  by  the  index  of  refrao- 
tion,  and  multiplying  the  quotient  by  the  SIB 

index  of  refraction  diminished  bj  unity. 

Let  a  pencil  of  light  full  upon  n  plane 
g'lues,  &g.  M6,  so  that  QA  ahall  be  perpen- 
dicular to  tlie  suTfaca  of  tha  glass,  and  QF 
an  oblique  ray,  Q  A  irill  be  transmitted  in  the 
line  Q  A  B  nithont  deviation,  and  Q  P  will 
be  refracted  iu  the  direction  9'  P  R,  and 
emerge  in  the  direction  qR,q  being  the  focus 
of  the  emargent  rays.     Let  Q  A  =  «,  5'  A  =  «'  B  5 

B^  the  fornlula  already  demonttrated  (143),  if  th 
■ad  if  the  pencil  had  entered  the  other  side  of  tha  platt 


0  ~  u  -|-  -,  by  which  the  pos 


ermined.     The  displao. 


oftleftions  Q5  — 815  —  69  =  «+<  —  ■-=  l| 


tba  rays  diverge,  afte 

amerging  from  the  glass,  from 

poin 

than  the  focus  of  the 

incident  rays. 

proceed  in  the  opposite  directio 

of  a  eonvcrging  pane 

1,  and  the  focus  of  tbe  rajs  arte 

distant  from  tbe  first 

urface  of  tbe  gloas  than  before 

of  the  rays  h  remov 

d  in  ti.e  same  direction  that  tha 

igtit 

take  the  case  of  pla 

0  glass,  for  which  »  =  f ,  the  d 

stanc 

aoved  is  equal  to  J  tha  I 
III. 

445.  Principles  determining  the  foci  of  lenses. — A  double 
convex  lens  may  be  regarded  as  composed  of  a  number  of  segments  of 
prisms,  the  faces  of  each  847 

prism  more  inclined  as 
we  proceed  from  the 
centre  to  the  borders  of  - 
the  lens,  as  shown  in  fig. 
347.  The  central  por- 
tion, abed,  may  he  re- 
garded as  &  plane  glaaa,  having  its  faces,  ac,  b  d,  parallel,  agfb  has 
its  face,  "ig,  inclined  towards  _/^fi,  and  the  triangular  prism,  g  kf,  has 
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its  Bides  still  more  inclined.  Now  siDce  the  deviation  of  anj  toy  pass- 
ing through  a  prism  increases  as  the  inclination  of  the  two  faces  of  the 
prism  increases,  s  I  will  deviate  more  than  s  t,  and  if  the  form  of  each 
prism  is  properly  adjusted  to  its  distance  from  the  axis,  M  N,  the  rajs, 
gl  and  ai,  or  any  number  of  rays,  may  be  made  to  meet  at  a  common 
point,  R,  in  the  axis  M  N. 

If  the  segments  of  prisms,  of  which  we  suppose  such  a  lens  to  be 
composed,  are  made  sufficiently  small,  so  that  each  face  shall  receive 
but  a  single  ray  of  light,  the  sides  of  the  successive  prisms  will  form  a 
regular  curve,  which,  if  the  lens  be  of  small  diameter,  will  correspond 
almost  exactly  with  a  segment  of  a  sphere. 

On  account  of  the  great  difficulty  of  grinding  lenses  with  any  other 
than  spherical  or  plnne  surfaces,  other  forms  are  seldom  employed,  and 
require  no  discussion  in  an  elementary  work. 

446.  Small  pencils  of  light  refracted  at  a  spherical  aurfoce 
hive  the  position  of  their  34S 

foci  changed. 


L«t 

P  A  P',  fig.  348, 
;  epherical  surface 
medium,  0  being 

medium,  Q  the  foe 
:ident  rajB,  and  j' 
enters  the  medium 
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Refraction  at  a  concave  autface.— If  thaBarfaoa  of  the  dense  medium 
ia  cancftTe,  b3  sbowD  in  fig.  349,  let  Q,  aa  349 

before,  be  the  fucua  nf  the  incident  rays, 
ths  Tirtu&l  focus  of  the  refracl«d  ray?,  and 
the  eentre  of  curvature.  Then  the  angle 
Incidence  t  =  Q  P  0 ;  the  angle  of  refracti 
i'  ~-  R  P  N  =  9'  P  0 ;  let  the  angle  P  0  A  = 
In  (he  triangle  Q  P  0  we  have  :— 

and  from  the  triangle  a'  P  0  we  have  : — 


(iP-^q'O'    "'   QP       "'g'l 
we  may  put  Q  A  =  Q  P,  and  j'  A  = 


From  this  we  obtain   — ,  = [ — =:  —  +  -;  in  which /' representa  the 

falue  u'  when  u  =  infinity,  di  the  incident  ray!  are  parallel. 

We  may  take  the  general  formula  for  refraction  at  a,  convex  aarface 
of  a  dense  medium,  and,  by  applying  proper  valnea  to  the  letters,  deduce 
formulie  for  all  other  oases,  whether  the  medium  be  dense  or  rare,  and 
the  refracting  aurface  convex  or  concave. 

In  the  formula  —,  = , 

we  have  supposed  the  value  of  m  measured  from  the  convex  surface  of 
the  dense  medium,  in  the  direction  A  Q  in  the  rarer  medium.  Calling 
this  direction  positive,  if  the  focus  of  incident  rays  were  token  in  the 
dense  medium  u  should  he  considered  negative ;  u'  haa  been  reckoned 
positive  when  measured  in  the  dense  medium,  therefore  if  it  is  measured 
in  the  rare  medium,  as  in  the  example  of  the  concave  dense  surfnue,  it 
should  be  reckoned  negative  ;  we  also  reckon  r  positive  when  it  liea  in 
the  dense  medium,  and  negative  when  it  lies  in  the  rare  medium. 

icus  in  the  dense  mediuin, 

WB  make  u  negative,  and  the  formula  becomes    —  = 1 — . 

To  adapt  the  formula  to  the  case  of  diverging  rajs  raiVaot«d  at  tha  conaan 
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ipherieal  aurface  of  a  dense  medium,  W3  mfllte  i-npgative,  and  the  formula  becomes 

—  ^ —  —  -,  wbich  sliows  tha,l  a'  is  easentiallj  negative,  or  that  it  lief 

sn  the  same  side  of  the  refracting  eurfflca  as  the  centra  of  curvature. 

n         n  — 1        1 
If  then  we  change  the  sign  of  u'  in  the  formula,  it  becomes  -  = 1-  -, 

in  which  u'  represent!  the  distance  of  the  focua  of  refracted  rajs  measured  in  the 
direction  of  the  rarer  medium.     This  formula  is  the  aame  as  was  deduced  fVom 

To  applj  the  formula  to  the  CBse  of  rije  of  light  proceeding  from  a  dense  to 
a  rarer  medium,  we  have  but  to  let  u  and  u'  change  places  in  the  formala,  and 
ehange  the  sign  of  r.  Making  these  changes  in  the  generd  formnla  for  a  convex 
~     I  of  a  dense  medium,  the  formula  for  diverging  ra;3  refracled  at  a  convex 


will  h< 


The  formula  for  divergiog  taj3, 

medium  (bj  similar  changes),  will  hi 

The  formula  for  converging  rays 


will  Income  — 


1 


issuing  froi 


ersing  the  dense 


447.  Action  of  Ei  doable 
Ught.— Let  P  A  P'  B,  lig.  350,  be 
of  the  first  aurface,  and  t  the 
radius  of  the  aeeond  surface, 
let  Q  be  the  focus  of  the  inci- 
dent  ra;B,  g'  the  focus  of  the 
rays  after  refraction   at 
first  surface  of  the  lens,  ana 
q  the  focus  of  the  rays  as  they 

face  of  the  lens.     Also,  let  Q  A  =  u,  A  g' 
the  lens  A  B  =:  (. 


Jt  refrac 


tt  the  firai 


hall  have  (446)  -  = 


11  that  when  compared  with  B  q'  it  ma] 

larly ;  adding  the  two  preceding  equatio 

1  /I         1\        1 

Or-  ={„_!)     -  +  ---. 
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For  parallel  rarH,M=  infinity, -  =  0,  Bnd-=:(B— "1)  (-+-)■ 

Let  fi^  tliia  ralas  of  i  when  the  incident  [b;b  are  parallel,  uid  the  general 

foniinla  for  a  donble  conrei  lens  becomes  -~^  — . 

If  1  is  amall,  but  not  email  enough  tfl  he  neglected,  we  shall  have  ;— 

but  as  1'  mnat  he  very  small  compared  with  u",  the  quantity  contained  m  tlia 
brackets  may  be  neglected;  hence. 


1         1       1         <    /n  — 1        1  \» 

'■'"'-.— f—,^-.\-^-^)- 

ConcIuaionB  deduced. — Analysis, — 1.  Paralltl  rays  of  light  fall- 
ing upon  a,  courei  lena,  A  B,  fig.  351,  vcill  be  refracted  to  some  point, 
as  F,  on  the  other  aide  of  351 

tlie  lens.     The   distance  of 
the  focus,  F,  from  the  \< 
will  depend  upon  the  ai 

of  curvature,  and  also  upon  " 

the  refractive  power  of  the  substance,  of  which  the  lens  is  composed. 
If  the  two  surfaces  of  the  lens  have  the  Bame  curvature,  and  the  index 
of  refraction,  as  for  ordinary  glass,  is  one  and  a  half,  the  focus  of 
parallel  rajs,  called  the  principal  focus,  will  be  at  a  distance  from  the 
lens  equal  to  the  radius  of  curvature  of  either  surface  of  the  lens. 


1  /I        1\       1 

mla^  =  (»-l)^-4-7J--,M» 


In  the  fo 

tlon  for  ordinary  gli 

11  ^  00,  and  -  =  0,  and  if  the  two  snrfacea  of  the  len 

1         1/1         1\ 
r  =  I,  and  the  formala  becomes  ~  =  -  [  -  -|-  -  )  = 

taaae  of  parallel  rays  ia  at  a  distance  from  the  k 


-,  the  ind 

ei  of  reftac 

ipposed  t. 

,  be  parallel. 

■f.  the  san 

le  cnryafnre, 

.-.    »  = 

r,  or  P  tha 
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2,  Diverging  rays.—It  the  rajB  falling  upon  t!ie  lens  come  from  a 
point,  R,  at  a  distance  from  the  lens  equal  to  twice  the  principal  foeuB, 
thej  will  converge  to  a  point,  S,  at  an  equal  distance  on  tie  other  siJo 
of  the  lens. 

It  will  be  BasilT  seen  from  fig.  351,  that  the  imgleB,  X  and  Z,  are  equal  to 
.ItcmaM  angles  formed  bj  tte  straight  lino,  R  A.  meeting 
]d  also  that  the  angleB,  X  and  0,  are  eqnal.  In  tb» 
■,  the  aidea,  B  A  and  F  S,  are  equal,  iience  the  angles,  0  anil  Y, 
are  equal,  and  t  equala  Z,  therefore  If  the  incident  ray  is  bent  inward  tu  a  dis- 
tance repreaented  by  the  angle,  Z,  the  refraolfid  ray  muat  be  bent  outward  by  an 
equal  angle,  T,  by  which  meana  the  radiant  point  is  removed  from  F,  the  princi- 
pal focuB  of  parallel  rays,  to  S,  which  is  at  double  the  distance  of  F. 

The  formula  shows  the  same  thing.  Making  w  =  2r,  we  find  v  =  2r. 
If  tlie  radiant  point  is  taken  more  distant  than  R,  as  at  V,  fig.  352,  the 


each  other  (being 
two  parallel  lines 


conjugate  focus  will 
and  the  principal  foe 


The  formula  mill  then  give 


removed  from  S,  to  some  point,  T,  between  S 


B<2)-. 


u>2»-' 
g  ray.!.— If  rays  of  light  falling  upon  the  lens,  A  B,  fig. 
353,  converge  towards  a  point,  V,  be-  353 

fore  refraction,  thej  will  converge, 
after  refraction,  towards  a  point,  T, 
between  the  principal  focus,  F,  and  the 
letis.  Conversely,  if  rajs  of  light 
diverge  from  a  point,  T,  between  the 
lens  and  its  principal  focus,  the;  will-  diverge  after  passing  through 
the  lens,  from  a  virtual  focus,  V,  more  distant  than  the  principal  focus. 
In  the  first  case  u  becomes  essentially  negative,  and  with  the  same 


values  of  n,  r,  and  s  the  formula  becomes 


1       1 


1 


greater  thf 


A  be  If 


i  than  /",  hence  T  lies  between  the  princi- 


pal focus  and  the  lens. 

4.  Piano-convex  Unsm. — The  action  of  a  plano-convex  lens  is  in 
general  the  same  as  that  of  the  double  convex  lens,  but  its  foci  are  at 
double  the  distance,  the  principal  focus  being  at  a  distance  equal  to 
^ce  the  radius  -f  the  curved  surface. 
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To  adopt  the  formula  to  this  case,  we  make  n  ^  f ,  and  r  ^=  m,  hence 

—  ^=  — .     If  the  rajs  are  parallel,  -  ==  0,  and  v,  or/=  2s. 

e  lens  npon  small  pencils  of 


of  a  dense  medium,  r  being  tbe 


rajB  aftar  refract' 

Bnrface,  and  ;  the  foeus  of  the 

smergent  rays  p  R,  p'  W.     Let  Q  A  ^  u,  , 

Aoeording  tu  tha  formula  for  refraction  at  a  oonoave  dense  eur'aee  (MB)  ;- 

and  by  the  formula  for  rays  emerging  from  s  concave  dense  Barface, 
n  n~I       1 


;o  email  tbat  wben  compared  with  B  j'  it  n 
isidcr  B  ('  ^  A  9'  =  u',  combining  ihsae  \ 
1                         /I        1   \        1  111 

BqnatlonB  WB  have  -  =  (>i— 1)  f--l I  +--     "r,   -=  ^  +  "■ 

If  the  thickness  of  the  lens  le  too  great  to  be  neglected,  we  find  b;  the  ee 

This  formula  for  the  double  eoncsTe  Ions  may  be  dedaced  directly  from 
formqla  for  the  double  eonTel  lens,  by  Bubstituting  in  that  formula  for  r  i 
i,  —  r  and  —  (,  and  ne  the  value  of  d  would  then  bo  nogntive,  changing  t 

Conolasions  dednced  from  analysis. — A  concave  leas  produc 
npon  rajs  of  light  transmitted  through  it,  an  a&5 

effect  the  opposite  of  that  produced  hy  a  < 


l.PafWieZraysof  light,  transmitted  thro 
a  double  concave  lens,  diverge  from  a  rirtual  ^ 
focua  in  front  of  the  lens,  as  sho-wn  in  fig.  '' 
355  ;  the  virtual  focua  being  at  the  centre  of  the  sphere  of  nhich  the 
firat  aurface  forms  a  part.     This  is  its  principal  focus. 

2.  Dinerginff  rai/s.—IT  the  radiant  point  is  more  distant  than  the  prin- 
cipal focuB,  as  at  B,  fig.  356,  the  virtual  ^jg 
conjugate  focua,  A,  ■will  be  between 
principal  focua,  F,  and  the  surface  of  the  ^ 
lena,  and  the  rajs  will  diverge  after  re-  _ 

3.  Converyinff  raijs,  transmitted  through  a  concave  lens,  will  be  ren- 
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derod  less  convergent,  parallel,  or  divergett,  depending  npcn  the 
distance  of  the  point  towards  which  they  converge  before  entering 
tlje  leas. 

Th6  »bove  propositions  ate  easily  proved  by  rBferenco  to  the  formnla  for  a 


C-^)^ 


double  ooncflve  lens,  -  ^  {n  —  1) 

449.  Rules  for  determining  the  foci  of  lenses.— When  lenees 
are  made  of  glass  whose  refractive  index  is  one  and  a  half,  their  foci 
may  he  determined  bj  the  following  rules : — 

Rule  for  the  Principal  Focus. 
Divide  twice  the  product  of  the  radii  by  their  difference,  for  the 
meniscus  and  conoavo-convei  lenses,  and  by  their  sum,  for  the  double 
convex  and  double  concave  lenses.  The  quotient  will  give  the  fooua  for 
parallel  rays.  The  focus  of  parallel  rays,  or  principal  focus,  of  the 
plano-convei  or  plano-concave  lens,  is  double  the  radius  of  curvature. 
Buk  for  tht  Conjugate  Focus,  lehen  the  Focus  of  the  Incident  Hays  u 

Multiply  the  length  of  the  principal  focus,  with  its  proper  sign,  by 
the  focus  of  the  incident  rajB,  and  divide  the  product  by  the  difference 
between  the  principal  focus  and  the  focus  of  incident  rays,  and  the 
quotient  will  be  equal  to  the  conjugate  focus. 

If  the  distance  of  the  focus  of  iocident  rays  ia  less  than  the  principal  foons, 

of  the  lens  as  the  focua  of  incident  rays ;  but  if  the  value  of  the  fooua  of  inci- 
dent raja  is  greater  than  the  principal  fooua,  the  value  of  the  eonjujate  focus 
will  be  negative,  and  the  focua  of  refracted  raya  will  lie  on  the  other  aide  of  the 
leua. 

450.  Combined  lenses.— If  two  convex  lenses  1  \  B  B  are  placed 
near  together,  as  in  fig.  357,  their  com-  36T 


bined  focus 

will  be  shorter 
la  used  alone. 
1  raya  bs  refracted 
^  focus  at  K;repref 

:e  of  the  focus  L  fi 

than 
bjth. 

lent  th 
'gth  ol 

that 

.first 
odist 

rite 



t~^ 

1 

of  either  lei 

Let  parallel 

leaa,  A  A,  to  E 

by/',  and  let 

/  the  diatanc 

a  bo 

of  this 
repress 
nd  lens 

point  from  the  firat  lei 
nted  by  a.  let/"  repr 
for  parallel  rays,  ar 

i^/~z-' 

WQSidered  w.th  refi 

ironce 

toth. 

<aec( 

>Dd  lens 

,,  u  = 

-(/'-al.ai 

,.=^^ 

,Yc:— 

.    /  = 

M  r 

^ 
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n  the  dislanoe  botwmn  the  lenseg  ia  nothing,  then  for  lie  focus  i 
raja,  /= ■ — —        For  mys  not  paralliil,  the  formnla  will  be:— 


-"t  ^ ,: 


/'    /" 

_!.  .f  1  -j-  40,,  - 


f      /"■ 

451.  Oblique  pencils,  when  traDsmitted  through  lenses,  hare  their 
foot  in  secoiida.ry  ases,  and  their  foci  are  determined  b;  the  Eame  rules 
ns  the  foci  of  direct  pencils  in  the  principal  Diie, 

It  has  been  shown,  in  ^  139,  that  a  is;  of  light  trancmitlfd  throngh  ft 
prism  in  a  direction  parallel  to  its  base,  suffers  the  lea^t  deviation  possible; 
hence  in  every  other  position  the  deviation  is  increased.  From  this  prlnciplo  it 
follows  that  the  foci  of  oblique  pencils  transmitted  through  Icneca  will  be  soraa- 

the  formation  of  the  images  of  large  objects,     (See  J  15S.) 

452.  The  optical  centre  of  a  lens  is  a  point  m  aituitted  that  ererj 
ray  of  light  passing  through  it  will  358 

d  g      q     1      d    pp  t       fr 

t  t        g       dl  v.  g 

1  Itwll   th      f  If 

wh  1       J          g  tl         t 


f  th 


t         f   tw     p      11  1       d 
pp     t         fac  ts  th 

the  lens. 

Lot  S  P  R  Q,  fig.  358,  be  a  ray  of  light  passing  through  a  donl 
so  that  the  radii  0'  P,  0  R,  drawn  from  the  points  of  incidence 
are  parallel.  Let  C  be  tlie  point  where  this  ray  intetsects  the  a 
The  triangles  0'  C  P,  0  C  R,  are  Bimilar,  hence  :— 

O'P  :3'C  =  OR:OC! 
O'P  — O'C  :0B  — 0C=.  O'P  :  OR; 

AC  iBC  ^O'P  :  OR; 
AC  +  BC:  O'P  +  0R  =  AC  ;0'P. 
Putting  0'  P  =  r,  0  R  =  «,  and  A  B  =  (. 


AO:l  =  r:r. 
Iftho  lens  were  double  01 


AC=^- 


and  R,  the  optical 
jAC^'.BC^O. 
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The  optical  cuiitre  will  b> 
For  a  meniiicas,  either  > 
that  esse  the  optica 


m  the  relative  ralues  of  tha  t» 


iction  of  the  axis  with  the  tarred  anrfkce. 
negative,  and  the  formalEB  show  that  in 
nated  without  the  lena  at  ■  point  depend- 


All  rajs  of  light  passing  through  the  optical  centre  emerge  from  the 
lens  parallel  to  the  incident  rajs.  The  position,  form,  and  foci  of  all 
pencils  of  light  passing  through  a  lens  are  detecmmed  bj  their  relation 
to  some  line,  or  secondary  axis,  passing  through  the  optioal  centre  of 
the  lens,  whether  any  ray  of  light  from  the  radiant  point  aau^Uj 

453.  Images  fonned  by  lenses. — If  an  ob|ei,t  is  placed  before  a 
convex  lens  at  a  greater  distance  than  the  principal  focus,  an  imago  of 
the  object  will  be  formed  on  the  other  side  of  the  len^ 

If  from  the  eitremities  of  the  object  A  B,  fig,  359,  the  aeooadarj  aies,  A  a, 
B  i,  ate  drawn  through  the  optical  centra  of  the  359 

lens,  the  imoge  will  be  formed  between  these 
asB8  prolonged,  at  a  distance  eqnal  to  the  con- 
jugate focus  of  the  leU!,  esljmaied  separately  for 
every  point  of  the  object  If  the  object  is  placed 
tieyond  the   principal   focus,  and   at  less   than 


If  the  olyeol  recedes  from   the  lens,  the  image  will   1 

object  is  removed  from  the  ions,  more  than  twice  Ihe  pi 

will  be  smaller  than  the  object,  and  it  will  gradually  approach 

diminish  in  size  as  the  object  recedes.     The  image  can 


pared  with  the  object  will  be  proportional  to  their  re 
lens. 

principal   focne,    as    A  B,  fig.    360,    t 


n  objee 

point  of  the  object  will  diverge  after  re 
entering  the  lens;  consequently  a  virtual 
smaller  than  the  object,  will  be  formed  on 

me  side  of  the  lens    The  aiae  of  the  virtual 

will  be  in  proportion  to  ita  distance  from 


454.  Spherical  abenation  of  lenses.— It  has  been  assumed  that 
Bpherioal  lenses  bring  cays  of  light  issuing  from  a  point  to  a  sensible 
focus.  For  many  purposes,  howeyer,  greater  accuracy  ia  required, 
and  it  becomes  necessarj  to  consider  th*  imperfeotiona  of  apbericft) 
lensei. 
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If  the  diameter  of  the  lens  V  W,  fig.  362,  ia  large  in  pr.iportion  to  its 
radius  of  curvature,  rajs  of  parallel  light  363 

will  not  be  brought  to  an  accurate  foeua,  ~ 
but  while  the  central  rays  cross  the  axis 
F,  the  extreme  raya  will  Intersect  the  a 
at  G,  and  intermediate  rnja  will  inters 
the  axis  at  every  pOBBJble  point  between  - 
F  and  G.    The  distance,  F  G,  is  called  the  longitudinal  spherical  aberra- 
tion of  the  lens. 


For  lenses  of  small  aperture,  thoabi 

:\3  in  proportiou  1 

a  the  sqo 

of  Cbe  angular  aperture  of  the  Ions  ;  1 

>ut  for  lenses  t 

if  larger  aperture. 

,  the  abei 

lion  inorea^ea  more  rapidly  than  wo. 

nld  be  require. 

1  bj  this  proport 

ion.     If 

length  of  the  principal  focus  be  takt 

10  longitudinal  aberration 

lenses  of  different  angular  apertures 

will  be  as  foil. 

For  15=  tke  aberraUon  will  be  0025, 

•'    30"    " 

!!              I    ! 

'  0-150, 

This  eScct  of  spherical  leneeg  ca 

uses  images  1 

«  he  formed  at 

every  p. 

between  B  and  0,  the  rajs  going  fro 

m  each  image. 

more  or  less  inle 

rfering  v 

the  distinctness  of  all  the  others. 

The  amount  of  spherical  aberratio 

n  depends  alsi 

.  on  the  form  and 

1  positior 

lenses.     If  «  =  index  of  refraction, 

surface, 

S  =  the  radius  of  the  posterior  surfufle,  then  for  p 

arallel  raja,  the  ( 

ormofh 

4  +  «-2„' 

B™ 

2»'  +  «     • 

If  «  =»  If,  the  form  of  least  abei 

'ration  will  be 

their  radii  la  ths  proportion  of  1  to  6 

.,theeideofd< 

leper  curvature  be 

parallel  rays.     If  the  spherical  abert 

taken  as  unitj,  the  aberration  of  oth 

er  lenses  will  be  as  follows:— 

Plano-oOQvei  with  plane  surface  t 

owardi  distani 

t  objects,  4-2. 

Plano-oonvei  with  oonves  surfoee 

towards  dista 

nt  objects,  1-081. 

Plano-concave  the  same  a*  piano-. 

Double  couFei  or  double  concate 

with  both  faoi 

31  of  the  samo  cu 

.rvature, 

rterrstion  will  be  1-567. 

The  spherical  aberration  of  a 

convex  lens 

is  called  posil>> 

.!«,  and 

aberration  of  a  concave  lens  ii  called  negativi 
')pposite  direction  from  that  produced  by  a  convex  lens. 

Accurate  eatimate  of  Bpheiioal  aberration.*— To  estimate  with 
accuracy  the  amount  of  spherical  aberration  in  any  given  case,  it  is 
necessary  to  calculate  the  exact  course  of  a  ray  which  falls  upon  the 
border  of  the  lens. 

•  Miorosoopicftl  Journal,  Vol.  VIII.  P-  21. 
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From  this  formula  the  ^curate  yalua  of  ;  E  for  sd;  surfnce  may  be  calculated. 

455.  Abenatlon  of  Bpherigity ;  distgrtiaa  of  images. — When  a 
straight  object  is  placed  before  a  lena,  the  extreniities  of  the  object  not 
being  in  the  principal  axis,  if  the  images  of  the  extreme  points  are 
formed  in  the  secondary  axes  at  the  same  distance  from  the  optical 
centre  of  the  lens,  as  the  central  portions  of  the  image,  the  image  will 
not  be  straight,  but  formed  on  a  curve,  the  centre  of  ichich  is  at  the 
optical  centre  of  the  iens,  as  a'  J/,  fig.  364,  Sut  as  an  object  recedes 
from  the  lea*,  the  image  will  381 

approach  it,  therefore  as  A  and 
B  are  more  distant  from  the 
lens  than  the  centre  of  tbe  > 
object,  the  extremities  of  the 
image  must  bo  nearer  than  Oie  ^ 
centre,  and  instead  of  a'  C  b',  we 
shall  have  the  image  o"  C  b" 
described  aro«nd  t,  centre,  soipewher^  between  the  lens  and  the  centre 
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of  the  ImHge.     Oblique  pencils  are  ah 
penoila  which  belong  to  the  priDuipnl  a 

to  curve  the  image  still  more.  This  curvature,  or  distortion  of  images, 
ia  called  aberration  of  sphericity.  For  ordinary  purposes  this  imperfec- 
tion of  lenses  may  be  disregarded.  The  practical  method  of  overcoming 
these  difficulties  will  he  hest  explained  in  connection  with  the  descrip- 
tiOQ  of  achromatic  lenses. 

4  4.  Chromatics. 

456.  Analysis  of  llglit.^Spectruin. — Primary  colors. — A.  beam 
of  sunlight,  S  II,  fig.  366,  admitted  into  a  dark  chamber,  through  a 
small  opening  in  the  shutter,  E,  forms  369 

a  round  white  spot,  P,  upon  a  screen  or 
any  other  object  upon  which  it  falls. 
If  a  triangular  prism,  B  A  C,  is  inter- 
posed in  its  path,  as  shown  in  the  figure,  i 
the  light  will  be  refracted  both  on  i 
ing  and  leaving  the  prism,  but  instead 
of  forming  only  a  circular  white  spot  on 
the  screen,  M  N,  it  will  be  spread  over 
a  considerable  space  from  S  to  K,  called  tlie  solar  spectrum,  in  which 
will  be  seen  all  the  colors  of  the  raiobow.  Beginning  with  the  color 
most  refracted,  they  are  violet,  indigo,  blue,  green,  yellow,  orange,  and 

If  an  opening  is  made  in  the  screen  so  as  to  permit  only  the  rays  of 
^  single  color  to  pass,  and  we  attempt  to  analyze  this  color  by  passing 
it  through  a  second  prism,  we  find  it  cannot  be  further  decomposed  by 
refractjon  ;  hence  the  colors  of  the  solar  spectrum  produced  by  the 
refraction  of  a  triangular  prism  are  generally  called  ■primary  colurs. 

457.  Recomposition  of  -white  light. — If  a  second  piHsni,  A  B  a, 
exactly  similar  to  B  A  C,  is  placed  behind  the  first,  but  in  a  reversed 
position,  as  shown  in  the  figure,  the  differently  colored  rays  will  be  r& 
united  and  form  white  light  at  P,  as  though  no  prism  had  been  used. 

Moreover,  if,  instead  of  the  second  prism,  a  double  convex  lens  is  so 
placed  as  to  receive  the  colored  rays  and  converge  them  to  a  focus,  a 
round  spot  of  white  light  will  be  again  formed  in  the  focus  of  the  lens. 

If  colored  powders  are  milcd  in  the  proportions  that  the  several  colors  occupy 
in  the  soUc  spectrum,  the  color  of  the  compuund  will  be  a  gcftjistl  nbite.  Tkat 
tho  resulting  color  is  not  pure  whits  is  prohablj  owing  to  the  fact  that  we  caonot 
procure  arti&cial  colore  that  will  accurately  represent  the  colors  of  the  eoIot 
ipectrum. 

458.  Analysis  of  colors  by  absorption. — Although  the  colors  of 
the  prismatic  spectrqm  cannot  be  furtlier  divided  by  refraction,  Brew8t«r 
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has  shown,  that  anj  of  the  colore  may  b«  stitl  fu)*UieF  decompOBed  bj 
transmission  through  variously  colored  glass.  He  thus  ascert<uned  thak 
red,  ydltnc,  and  blue  light  are  found  in  various  proportions  in  all  parts 
of  the  Bpeotrum,  and  that  any  other  color  whatever  may  be  formed  by 
suitable  combinations  of  these  three.  Brewster  and  other  emiucnt 
philoHophers  have  hence  inferred  that  there  are  really  only  t!iree  pri- 
mary colors,  red,  yellow,  and  blue. 

Dr.  Young  considered  red,  green,  and  violot,  primary  colora.  According  tr> 
Herechel,  an;  three  colors  of  the  epectcum  may  be  taken  as  primary,  snd  nil 
other  colors  may  be  compounded  from  them,  with  Cbe  addition  of  a  certoiu 
amount  of  white.     The  distinction  of  colors  into  primary  snd  secondary,  should 

pally  for  convenience  of  inustration. 

459.  Complementary  colors. — Any  two  colors  which  by  their 
union  would  produce  white  light,  are  said  to  he  coniplonientary  to  eaci; 
other.  If  we  take  away  from  the  solar  spectrum  any  color  whatever, 
we  may  reunite  all  the  remaining  colors,  by  means  of  a  double  convex 
lens,  or  by  a  Bscond  prism,  and  the  resulting  color  wil!  obviously  be 
complemeotary  to  the  first,  because  it  is  just  what  the  first  wants  to 
make  white  light.     In  this  manner  it  is  found  that. 

Red  is  complementary  to Green. 

Tiolet  red        "  " Yellowish  green. 

Violet  "  "......  Yellow. 

Violet  blue        "  " Orange  yellow. 

Blue  "  ■' Orange. 

Qreenisli  blue  "  " Reddish  orange. 

Black  "  ■■ White. 

The  subject  of  harmony  and  contrast  of  colors,  will  be  treated  in  oonnectiW 
with  the  phenomena  of  vision. 

460.  Properties  of  the  solai  spectrum. —In  the  solar  ipectrum 
there  are  found  three  distinct  properties  which  exist  in  various  Jcigreca 
of  intensity  in  the  differently  colored  rays.     See  fig.  368. 

(a)  Luminous  rays. — According  to  Herschel,  Fraunhofer,  and  others, 
it  ia  found  that  the  maximum  illuminating  power  resides  in  the  yellow 
rays,  and  the  minimum  in  the  violet. 

(6)  Calorific,  or  heating  rays. — The  position  of  greaieat  intensity  for 
tlie  calorific  rays  varies  with  the  nature  of  the  material  of  the  prism 
with  which  the  speotrum  has  been  prodocoii.  In  the  spectrum  pro- 
duced by  a  prism  of  crotca  glans,  the  greatest  heating  power  is  f.jund 
in  the  pale  red.  If  a  priBm  filled  with  aater  is  us^ed,  the  gre.iteat 
beating  power  is  found  connected  with  the  yellow  -ays.  If  the  prism 
IB  filled  with  alcohol,  the  greatest  heat  is  connected  viith  the  orange 
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gelloK.    With  prisms,  formed  of  highly  refracting  gems,  the  u 
heating  power  is  found  beyond  the  red  ray.     Flint  glass  resembles  the 
geois  in  this  respect. 

(f)  Chemical  rays. — In  a  great  variety  of  phenomena,  solar  light  acts 
BB  a  chemical  agent.  Under  the  influence  of  solar  light,  plants  decom- 
pose carbonic  acid,  evolving  pure  oxygen,  anii  most  vegetable  colors  are 
destroyed ;  ph>sphorua  is  changed  to  its  red  or  amorphous  state,  and 
luses  its  power  of  emitting  light;  chlorine  and  hydrogen  may  be  safely 
railed  in  the  dark,  but  combine  with  an  eiplosion  when  exposed  to 
the  sun's  light;  the  green  color  of  plants  disappeara  in  the  dark,  and 
the  nature  of  the  vegetable  juices  is  changed  when  withdrawn  from 
the  chemical  action  of  light ;  and  the  wonderful  phenomena  of  pho- 
tography depend  upon  the  action  of  light  upon   sensitive  chemical 

The  maximum  chemical  effect,  produced  by  si.lar  li^ht,  appears  to 
be  connected  with  the  violet  rays,  or  with  rays  between  the  violet  and 
the  blue  Some  cheraii,al  effect  is  produced  by  rays  refracted  entirely 
beyond  the  estreme  border  of  the  viaible  violet  rays  The  laoender 
hgkl  of  Ilerstbel  results  from  the  concentration  of  the  so-called  invisi- 
ble rays,  beyond  the  border  of  the  violet  A  large  cnnyei  lens  gathers 
these  otherwise  innsible  rays  into  a  faint  beam  of  lavender  colored 
light 

4G1  Fraualiofet  s  dark  lines  in  the  aolat  spectrum. — In  1S02, 
Dr  WoUaaton  first  discovered  the  existence  of  dark  lines  in  the  solar 
spectrum,  but  the  disi-overy  excited  no  special  attention,  and  was 
applied  to  no  practiLal  purp)se. 

Unacquainted  with  Woijaaton's  observations,  the  late  celebrated 
Praunholer,  of  Munich,  rediscovered  the  dark  lines  of  the  spectrum, 
now  distinguished  as  Fravnhofer's  dark  lines.  Viewing  through  a 
telescope  the  spectrum  formed  from  a  narrow  line  of  solar  light,  by 
the  fineit  prisms  of  flint  glass,  he  noticed  that  its  surface  was  crossed 
by  dark  lines  of  various  breadths.  None  of  these  lines  coincide  with 
the  boundanea  of  the  lolored  spaces. 

From  the  distinctness  and  ease  with  which  they  may  be  found  and 
identified,  seven  of  these  lines  have  been  distinguished  by  Fraunhofet 
by  the  letters  B,  C,  D,  E,  F,  G,  II.  Numerous  other  lines — varying 
from  600  to  2000  in  number,  according  to  the  power  of  the  telescope 
with  which  they  are  viewed — have  since  been  counted  in   the  solar 

To  view  these  linos  with  the  nailed  eye,  a  raj  of  auniiglit  ia  atirn'Moil  into  a 
diirk  chamber  through  narrow  openings  in  two  screens,  one  placed  behind  tha 
othBr,  aa  ihown  in  Gg.  366,  and  is  then  refracted  b;  a  prism  of  the  purest  flint 


db,  Google 


leaf  them,  irilUheD  b< 


/! 


Iffl 


IJII  [I  I  |l~^.. 


;e  for  1 


imoDg 


;fiDg  tl 


,5  he  fuund  n. 
I  of  tbeiD. 


5-  367  shows  the  arrangenient  of  the  dark  lines  in  the  spectrum,  formed  by 
prisms  of  fiint  and  erown  glass,  and  also  hj  a  prism  filled  nitb  water.  These 
dark  lines  answer  the  important  purpose  of  landmarks  for  determining  the 
indices  of  refraction  for  various  substauees.  The  esaet  limits  of  the  several 
DoloFB  in  the  spectrum  are  not  well  deBned,  hut  the  dark  lines  eslahlisli  definite 
points  from  which  the  practical  optioinn  estimates  the  refrnctiTe  power  of  any 
medium,  imd  also  the  comparative  refrsngihilit;  of  the  differently  colored  cays 
in  which  the  dark  lines  occupy  fixed  positions. 

Lines  in  ligJit  from  diffQrent  aourcea. — In  the  spectrum  prodneed 
by  the  light  of  the  sun,  whether  reflected  by  the  moon  or  planets,  or  from  the 
clouds  or  any  terrestrial  object,  the  position  of  the  dark  lines  is  invariable.  Eut 
the  light  of  the  stars  differs  from  that  of  the  sun,  and  the  light  of  one  stiir  dif- 
fers from  other  stars  in  regard  to  the  number  and  position  of  the  dark  lines  in 
the  speotJum.  Electrical  light,  and  tlie  light  of  flames  produced  by  any  burn- 
ing  body  whatever,  give  bright  linos  instead  of  the  dark  lines  in  the  speetruo: 
farmed  by  solar  or  stellar  light. 

Tlie  relation  of  the  dark  lines  to  the  colors  of  the  speLtrum  is  shown 
in  fig.  368.  B  !iea  in  the  red  portion  ne-ir  the  end,  C  la  farther 
advanced  in  the  red,  D  in  thf  oringe  is  a  strung  double  line  easily 


recognised ;  E  in  the  green ;  F  in  the  blue ;  G  in  the  indigo ;  and  II  in 
the  violet  Besides  these,  there  are  also  others  very  remarkable  ;  thus 
1  is  a  triple  line  in  the  green,  between  E  and  F,  consisting  of  three 
strong  lines,  of  ^ivhich  tvfo  are  nearer  each  other  than  the  third ;  A  is 
in  the  extreme  border  of  the  red,  and  a  is  a  band  of  delicate  lines 
birtM  een  A  and  B. 
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462,  Fixed  lines  in  the  spectra  from  various  colored  flames. 

-  -It  is  well  known  to  ohemists  that  characteristic  colors  are  imparted 
to  the  flame  of  alcohol  by  the  salts  of  various  metals.  It  haa  been 
lately  observed  that  the  spectra  from  flames  thue  colored  possess 
aharactflristic  fiied  lines.  Thus  the  spectrum  of  a  sodaflame  isuharno- 
tcrized  by  two  bright  lines  in  the  position  of  the  two  dark  lines  at  I>  in 
the  solar  spectrum.    Lithium  gives  a  br'U'  nt    ed  1'      h  t  B      d 

C  and  potash  salts  give  brigHt  li  co  esp  d  t«  tl  d  fc 
lines  A  a  B   shown    in   fig.  368.     Tb       p    t     m   f         1  (       tl 

Drummond  light)  gives  at  first  two  h   ght  1  Ik        If  aoi! 

which  however  soon  disappear  as  th     h     t  t        d     b        f 

alcohol- sodium  flame  is  held  in  the  p  th    f  th    ray  d     k  1    es 

assume  the  place  of  the  original  bright  I 
ponding  eiactly  in  position  to  the  two  d    k  1 

These  variously-colored  Sames  held  th 
the  solar  spectrum  render  the  dark  lin  m 
flames  alone  would  produce  bright  lin 

From  similar  observations  Kirohoff  d  d 
sun's  atmosphere  contains  compounds    fd  dptasmht 

lithium.* 

463.  Intensity  of  luminous,  cal  nfi  d  h  ml  1  y  — 
Fig.  368  also  shows  how  the  intensity  f  tb  I  m  1  h  d 
chemical  rays,  varies  in  different  parts  ftp  11  t  t 
illuminating  power  resides  in  the  yellow  part  of  the  spectrum.  The 
heating  power  is  almost  entirely  absent  in  the  violet  and  the  blue,  where 
the  chemical  agency  is  at  its  maximum,  and  it  is  greatest  beyond  the  red, 
and  estendfl  a  considerable  distance,  where  no  illuuimatiuj^  chemical 
p  w             d         ly  manifest.     The  relative  positions  of  the  maximum 

11  m      t    g     h  mical,  and  heating  powers  of  the  solar  spectrum,  vary 
m      h  t  w  th  th    nature  of  the  Bubstance  composing  the  prism  mlth 
wl     h  th      I     t     m  has  been  produced. 

464  R  f  ti  n  and  dispersion  of  the  eolar  spectrum. — Kaly- 
b  m  ti  — If  a  glass  tube,  retort  neck,  drinking  glass,  or  any 
ml  t  t  of  glass,  be  held  in  the  path  of  the  colored  raya 

f  g  t       prism   in  a  dark  chamber,  a  beautiful  system  of 

I  d  gs  w  U  be  formed,  varying  their  form,  position,  and  color, 
With         y    h     g    in  the  position  or  form  of  the  glass  interposed. 

Th  p  t  exhibits,  in  a  surprising  and  agreeable  manner, 

th    w     d  rf  1  urces  of  color  contained  in  the  solar  beam.     Lan- 

g     g     f   1    to       press   the   ex<(uisite   and  wonderful   beauty  i  f  this 

pi         p  t,  involving  only  the  refraction  and  dispersior  of  the 

M         1;  notices  of  the  Berlin  Aodern?,  lEaB,  p.  663. 
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iolar  speotnim.     KalychTomaiKs  (from  the  Greek  for  beautiful  colors) 
bus  been  euggestod  as  a  word  io  distinguish  these  phenomena. 

405.  Cbromatic  abeiration. — When  mys  of  ordinarj  white  light 
are  refroeted  bj  a  lens  of  any  form,  oonsiating  of  a  single  transparent 
substance  lilte  glass,  or  a  transparent  gem,  the  rajs  are  each  acted  upon 
d  all  the  colors  of  the  solar  spectrum. 


This  effect  is  show 
are  most  refracted,  i 

n  by  fig.  369,  where  V  is  the  focus  of  the  violet  rajs  which 
md  R  is  the  focus  of  red                            369 

raja  which  are  least 
is  formed  at  V,  and  i 
tto  other  colors  arc  s 

refracted.   A  violet  i ma™ 

L  red  ima^  at  R,  and  as                k  ^^^^=J          J^^ 

ajid  the  red,  all  the  , 
occupied   by    images 
If  an  image  of  a  poii 
1(3  color  nill  be  viole 
colors  of  Ihe  speotrui 
>11  single  lenses,  fori 

space  between  V  and  K  is  f  ...^H*''""^fcr 
1   of  iatermedialo   colors. 1--^        i,             \  ^ 

t,  but,  it  will  he  surrounded  by  fringes  composed  of  all  Ibo 
n,  the  outer  border  of  the  fringe  being  red.     This  defect  of 

460.  AchromatiBin.— We  have  seen,  i  461,  fig.  367,  that  the  spee- 
trum  formed  bj  flint  glass  is  nearly  twice  as  long  as  that  370 

formed  by  crown  glass.  If  therefore  we  take  a  prism  of 
crown  glass,  A,  fig.  370,  and  another  priem  of  flint  glass,  ^ 
B,  having  a  refractive  angle  so  much  smaller  than  the 
refractive  angle  of  A,  that  the  solar  spectrum  formed  by 
it  will  exactly  equal  in  extent  the  spectrum  formed  by 
the  first  prism,  we  may  place  the  two  prisma  in  oppositioi 
as  shown  in  the  figure,  and  the  colored  rays  separated  by  transmis- 
sion through  one  prism,  will  be  exactly  reunited  by  the  other.  The 
light  transmitted  through  the  two  prisms,  thus  placed,  will  therefore 
be  of  the  same  color  as  before  transmission.  But  while  the  color  of  the 
transmitted  light  is  unaltered,  its  direction  will  be  changed  by  about 
one-half  the  refractive  power  of  the  prism  A ;  for  while  the  prism,  B, 
has  neutralized  all  the  dispersion  of  color  produced  by  A,  it  has  neu- 
tralized only  about  half  of  its  refractiye  power. 

Applying  these  principles  to  lenses,  a  double  convex  lens  of  crown 
glass,  A  A,  fig.  371,  may  be  united  with  a  plano-concave  lens  of  fiint 
glass,  B  B,  having  a  focus  about  double  the  focus  of  the  convex  ill 
lens.  These  two  lenses  will  act  like  the  prisms  in  the  preceding  ^^P 
figure.  The  concave  lens  nf  flint  glass  will  correct  the  chn^  ^9 
matic  aberration  of  the  double  convex  lens  of  crown  glass,  and  ^H 
leave  about  one-half  of  the  refractive  power  of  the  convex  lens  ^^s 
as  the  efieetive  refracting  power  of  the  compound  lens.  MH 

An  achromatic  lens,  formed  of  a  double  convex  lens  iif  crown    ^Bu 
glass,  equally  convex  on  both  sides,  joined  with  a  plano-concave  lenp 
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of  flint  glaaa,  having  ita  concave  side  grounil  to  fit  one  side  of  tiie  i  uble 
convex  lena,  will  have  the  focus  of  a  simple  plano-convex  lens,  wili  its 
conveiity  equal  to  one  side  of  ihe  double  convex  lens. 

467.  PonnulEB  for  achromatism. — Let  it  be  required  to  determine 
the  forms  of  two  thin  lenses  composed  of  different  media,  which  will 
together  form  a  compound  lens  free  from  chromatic  aberration.  Id 
this  problem  we  will  consider  only  two  colors  of  the  epectrum,  an  red 
nnd  violet. 

Let  m  and  n  be  tlie  iadlces  of  refraction  for  the  mean  ray  in  tho  two  media; 
m'  and  ••■  the  indices  for  one  of  the  colored  raje,  and  ni"  and  a"  the  tefraetive 

Let /and/  be  the  mean  focal  lengtlia  of  the  (no  lenecs,  of  nhieh  r  and  «  and 


n  msj  be  put  under  the  fori 


B  only  be  eatisfled  by  making  either  f  or  f  negative 

must  be  concave.     We  ahall  then  have:       --  =  -, 
f       J-' 


rai^ 

■a  powers  of  tha 

7 
ths 

+7' 

iition  tl 
.t  ia,  0. 

and  asp 
le  of  ths 

Or 

■/■■/'- 

=  ptp'. 

We  therefore  obtain  the  following  ci 

Ist.  An  ackroiaatie  combiitation  must  be  composed  of  two  or  mort 
hnses  formed  of  media  having  different  dispersive  powers. 

2d.   One  of  the  lenses  must  be  concave  and  the  other  convex. 

3d,  The  two  Un»e3  forming  an  achromatic  combination  mvsi  hart 
fjial  lengths  directly  proportional  to  the  dispersive  powers  cf  the  media 
of  which  ikei)  are  respectively  composed. 

As  it  was  stated  in  |  454  that  the  spherical  aberration  of  a  concave 
lena  is  the  opposite  of  the  aberration  of  a  convex  lens,  it  is  easy  (o  see 
that  the  combination  of  auch  lenses  ae  are  required  to  produce  achro- 
matism will  also  wholly,  or  in  part,  correct  the  spherical  aberration. 
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I  5.  Viaion. 

468.  Stracture  of  the  btimaii  eye. — The  human  eye  .3  the  most 
perfect  of  all  optical  instruments.  By  means  of  this  orpin,  stimuliUed 
by  the  light  reflected  or  refracted  from  external  objects,  wc  recognise 
their  presence,  nearness,  color,  and  form.  Some  knowledge  of  the 
itructure  and  action  of  the  eye  is  esaentiul  to  a  proper  understanding 
of  the  uses  of  other  optical  instruments. 

The  eye,  situated  in  its  bony  cavity  called  the  orbit,  is  maintained  in 
its  position  by  the  optic  nerve  and  its  sheath,  by  muscles  which  serve 
to  move  it  or  hold  it  steady  in  any  required  position,  and  by  the  delicate 
membrane  called  the  conjunctiva,  which  covers  its  anterior  surface  and 
lines  the  eyelids.  The  eyelids  serve  to  protect  the  organ  from  external 
injuries,  and  also  to  shut  out  light  which  might  otlierwise  be  trouble- 
gome  or  injurious  by  its  eicess,  or  too  long-continued  action. 

Fig.  372  shows  a  horizontal  section  of  the  eye,  the  lower  part  of  the 
figure  representing  the  side  of  the  eye  towards  the  nose.  The  globe,  or 
ball  of  tho  eye,  is  nearly  spher  C'il  T2 

though  the  anterior  portion  is  n  e 
convex  than  the  other  portions  s 
shown  in  the  figure. 

The  principal  portions  of  the  eye   ' 
which  require  consideration,  aie  tl  e  v 
sclerotic  coat,  the  oorDea,  the  chore  d  ^ 
coat,  the  retina  and  optic  nerve  the     f  "^ 
iris,  the  pupil,  the  crystalline  lens 
the    aqueous    humor,   the   vitreous 
humor,  and  the  hyaloid  membrane. 


■s  about  four-fifths  of  Ih 
nerve  the  globular  form  of  the  > 
.ranamission  of  the  fibrca  of  tt 
brsne  called  the  cornea,  a,  u> 


ath  other 


any  other 


ain.     It  is  on  this  delici 
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r  i  in  oats  snd  the  feline  tribe  generallj  it  is  elongaleii  rartioally; 


It  varies  fruin  one-eigbth  to  one-quarter  of  an  ineli  in  diameter.  In  a  strong 
light  tte  pupil  oontracU,  bat  wbcre  the  light  is  diuiiniaked  it  expands. 

Every  one  knows  the  sensation  produced  by  entering  a  hoaae  after  fpending 
hours  in  the  open  ait  exposed  to  the  light  of  the  sun  redceMd  from  SDon.  In 
this  oasa  the  pupil  beeomes  so  oontract*d,  and  the  eye  so  aoeustomed  to  a  st-ong 
light,  that  objects  within  doors  ate  almost  invisible  antil  the  pupil  expands  anJ 
the  eye  recovers  ita  ssnaitiTeuese  in  ordinary  light.     The  movements  of  the  iris 

The  pupil  of  the  owl  is  so  very  large  that  it  sees  distinctly  at  night,  while  in 
the  daj-time  the  pnpil  cannot  eontraot  enough  to  protect  the  eye  from  the  blind- 
ing effect  of  the  solar  rays,  and  hence  the  owl  is  nearly  blind  by  day. 

The  ersitnlliue  leut,  /  ia  a  transparent  body,  placed  behind  the  iris  and  very 

by  ita  borders  to  the  ciliary  procese,  ff.  The  posterior  surface  of  the  crystalline 
lens,  is  more  convei  than  the  anterior.  The  crystalline  lens  is  made  up  f 
serrated  fibres,  arranged  in  layers  which  increase  in  density  IVom  the  circum- 

.AjBTOtM  Siinior.— The  space  between  the  cornea  and  the  crystalline  lens  is 
filled  with  a  transparent  liquid  called  the  aqueous  humor.  The  iris  divides  this 
space  into  two  chambers,  the  anterior  chamber,  b,  between  the  cornea  and  the  iris, 
and  the  posterior  chamber,  e,  between  the  iris  and  the  crystalline  lens.  These 
two  chambers  communicate  freely  wilh  each  other  through  the  pupil,  e.  The 
1  edge  of  the  i 


rilreou*  ftumor.— The  posterior  compo 

.rtment  of  the  aye,  h,  bebmd  the  crysUI- 

line  lens,  conatltutes  by  far  the  larger  pi 

irt  of  the  internal  cavity  of  this  organ. 

IS  fluid,  enclosed  in  eiceedinglj  delical« 

cellular  tUsue,  which  is  co.^dcnsed  eit 

etnally,  and  forms   a   delicate  kgaloid 

me^Jraif,  everywhere  covering   the   r< 

aina  and   the   posteriur  aiirfacB  of  the 

crystalline   lens.     The    vitreous   humor 

,   enclosed    in    its    cellular  tissue,  and 

■nvoloped  by  the  hyaloid  membrane,  is 

called  the  v!l>-eoiis  bodi/. 

409.  Action  of  the  eye  upoa  light.— T!ie  eye  may  be  compared 
to  a  dark  chamber,  tlie  pupil  being  the  opening  to  admit  the  ligiit,  the 
crystalline  lens  heing  a  converging  lens  to  collect  the  light,  and  the 
retina  a  screen  upon  which  is  spread  out  the  image  of  estornal  ohjects. 
The  effect  ie  the  same  aa  when  a.  double  convei  lens  forms,  at  ita  con- 
jugate focus,  an  image  of  any  objcut  placed  in  the  ;ther  focus. 

Let  A  B,  fig.  373,  be  an  object  placed  before  the  eye,  and  consider  that  rays 
are  emitted  from  any  point,  as  37.^ 

A,  in  all  dircctioiia;  ouly  those         ^,™.^^ 
rays  which  are  directed  towards       /^  3. 
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form  n  imftge  of  tfa«  [loiot  A  Tbe  »ys  of  light  emittei  from  B  form  Iti 
[mage  in  tha  point  *,  and  in  the  tame  manner  every  part  of  the  object,  A  B,  is 
delineateil  in  [he  very  small  image  u  b,  which  is  a  reai  image,  inverted,  and 
formed  eiactiy  upon  tbe  retina. 

470.  InveiBion  of  the  image  formed  in  the  eje. — To  prove  llint 
the  image  formed  in  the  eje  is  really  inverted,  take  the  eye  of  an  oi, 
cut  away  the  posterior  part  of  the  sclerotic  and  choroid  coats  ;  fii  the 
eye  thus  prepared  in  an  opening  in  the  shutter  of  a  dark  chamber,  and 
look  at  it  with  the  aid  of  a  magnifying  glass,  when  eiternal  objects 
will  he  seen  beautifully  delineated  in  an  inverted  pomtion,  on  the  retina 
at  the  posterior  part  of  the  eye. 
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471.  Optic  aiiB. — Optic  angle. — The  principal  axis  of  the  eye, 
called  the  oplic  axis,  is  its  axis  of  figure,  or  the  right  line  passing 
through  the  eye  in  such  a  position  that  the  eye  is  symmetrical  on  all 
Bides  of  it.  Id  a  nell  formed  eye  this  is  a  right  line,  passing  through 
the  centre  of  the  cornea,  the  centre  of  the  pupil,  and  the  centre  of  the 
crystalline  lens,  as  0  o,  fig.  373.  The  lines  A  a,  B  &,  which  are  sensi- 
bly right  lines,  are  secondary  axes.  Objects  are  seen  most  distinctiy 
in  the  principal  optic  aiis. 

When  both  eyes  are  directed  towards  the  same  object,  the  angle 
formed  by  lines  drawn  from  the  two  eyes  to  the  object,  is  called  the 
optic  angle,  or  the  binocular  parallax. 

To  appreciate  this  difference  of  direction,  look  at  t«o  objects  that  are  situated 
in  a  liDB  with  one  eye,  the  other  being  closed ;  then,  without  moving  tbe  head, 
look  at  the  same  objects  with  the  other  eye,  and  the  objects  will  not  both  appear 


speriments  it  will  readily  be  fo 

und  that  some  persons  see  print 

^ipally  with  tbe 

igbl,  and  others  chiefly  with  i 

^  left  eye,  when  both  eyes  an 

,  open.     Others 

till  find  that  a  part  of  the  timi 

a  the  direction  of  objects  is  det 

ye,  and  part  of  tbe  time  by  tbe 

other.                                       3,1 

472.    Visual    angle. — Tbe    angle 
formed  between  two  lines  drawn  from  j 
tlie  eye  to  the  two  estremities  o 
otgect,  is  called  the  visual  angle,  as  A  O  B,  fig.  374,     If  the  object  is 
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Mmcved  to  twice  the  distance,  the  yisoal  angle  A'  0  B'  will  \  I  only 
one-half  as  great  aa  A  0  B,  and  the  breadth  of  the  image  formed  od 
the  retina  will  be  proportionally  decreased. 

The  apparent  Imear  magnitude  of  an  object  is  in  inierae  proportion  to  itl 
distance  from  the  eye,  or  in  direct  proportion  to  the  Tisnal  angle.  The  apparent 
nperJUiiai  magnltade  13  always  tlie  squara  of  tho  apparent  linear  magnilude,  ani 
ia  in  iarsrse  proportion  to  the  square  of  the  distance. 

473.  The  brightness  of  the  ocular  image  of  any  object  will  bo 
in  direct  proportion  to  the  intenaity  of  the  light  emanating  from  each 
point  in  Che  object. 

The  amount  of  light  received  by  the  eye  from  any  point  in  the  object, 
or  from  the  entire  object,  will  be  inveraely  as  the  square  of  the  distance, 
and  directly  aa  the  intensity  of  the  light  from  each  point  (413).  But 
the  supei-ficial  magnitude  of  the  image  will  diminish  as  the  square  of 
the  distance  increases:  Hence,  the  apparent  brightness  of  Ihe  intake  vjiil 
remain  eonslanl,  whalemr  may  be  the  distance  of  the  object. 

As  the  ohjeot  reeedea  from  the  ejo,  the  size  of  the  image  formed  on  the  retina 
diminishes,  the  details  of  the  Tarioas  pjirts  become  crowded  together,  and  only 
the  bolder  outlines  occupy  sufficient  spaoo  to  make  a  sensible  impreaaion,  or  to 
b«  clearly  discerned. 

475.  ConditioaB  of  distinct  vision. — It  may  be  stated  ia  general, 
that  two  conditions  are  essential  to  distinct  ciston.  Int.  That  an  object 
shoold  be  situated  at  such  a  distance  aa  to  lorni  on  the  retina  an  image 
of  some  appreciable  magnitude.  2d.  That  the  object  shall  be  suffi- 
ciently illuminated  to  produce  a  distinct  impression  upon  the  retina, 

Tht  dUlance  at  whiiJt  an  aEi;ec(  can  be  teen  Tariee  with  the  color  of  the  object, 
■nd  the  amount  of  illamlnation,  A  while  object  iltuminated  by  the  light  of  the 
eun  can  he  seen  at  a  diatance  of  17,230  times  its  own  diameter.  A  red  object 
illnminal«a  by  the  direct  liglit  of  tbe  sun  can  be  seen  only  about  half  as  far  as 
though  it  wore  white,  and  blue  at  a  distance  somewhat  less.    Objects  iiluminaled 

illuminated  by  the  direct  rays  of  the  sun.  The  amalleat  visual  angle  under 
which  an  object  can  be  seen  with  the  naked  eye,  is  estimated  at  twelve  eecunda. 
All  these  caloulationa  will  vary  for  different  eyea. 

Peraona  having  dark-ook.ced  eyea  can  generally  see  mucli  farther  than  those 
who  have  iight-cobred  ayes.     Thoae  whose  eyea  are  trained  to  view  distant 

Been  by  the  eyes  of  ineiperieoced  parscas. 

476.  Background.— The  distance  at  which  the  outline  of  any  object 
can  be  distinguished,  depends  very  much  upon  the  color  of  adjacent 
objects,  or  of  the  background  oa  which  the  object  appears  projected. 
Objects  are  most  distinctly  seen  when  the  color  of  adjacent  objects,  or 
the  background,  presents  a  strong  contrast  to  the  colors  of  the  objeot 
we  wish  to  s«e. 
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Oalnrtd  tignali.~'F<n  aiga^  fiat's  nsed  at  sia,,  tbe  colors  red,  i/ellou!,  blue,  and 

red,  while,  and  blatk  an  moatl;  used. 

4TT.  Sufficiency  of  Ulumlnation. — It  is  Dot  eaough  for  diatinct 
vision,  that  a  well-defined  image  of  the  otjieet  shal!  be  formed  on  the 
retina.  This  image  must  be  sufficiently  illaminated  to  afieut  the  senses, 
and  at  the  same  time  not  eo  intenselj  illuminated  as  to  overpower  the 
organ.  An  image  may  be  so  faint-as  to  prodnue  no  sensation,  or  it  mnj 
be  so  intensely  brilliant  as  to  dazzle  the  eje,  destroy  the  distinetnesa 
of  vision,  and  produce  absolute  pain. 

When  ve  look  at  tfae  meridiaa  snn,  ita  ligbc  is  so  brilliant  as  to  orerpower 
the  eye  and  reader  it  impoasible  even  to  aee  distinctly  the  sblar  diac,  but  if  a 
sufficient  stratum  of  vapor  or  a  colored  or  smoked  glasa  is  inlerpoaed,  we  see  a 
irell-deSned  image  of  tbe  snn. 

Many  stars  are  so  distant  that  tha  rays  which  enter  the  pupil,  when  converged 

of  light  from  the  same  stars  fftUing  upon  a  large  lena  is  concentrated  upon  tha 

On  pasaing  from  a  dark  room  to  one  brilliantly  illuminated,  or  on  going 
out  into  the  open  air  al   night  from  a  well- illuminated  room,  tbe  sensations 


478.  DUtaace  of  distinct  vision. — Although  the  human  eye  is 
capable  of  seeing  objects  at  both  great  and  small  distances,  most  por^ 
BODS,  when  they  wish  to  see  the  minute  etructiire  of  an  object  clearly, 
instinctively  place  it  at  a  distance  of  from  sii  t<i  ten  inches  from  the 
eye.  This  point,  called  the  liinH  of  distinct  vision,  sometimes  Varies  for 
the  two  eyes  of  the  same  person.  Persons  who  see  ohjeets  at  Tery 
short  distances  are  called  near^ighled,  while  those  who  see  objects  dis- 
Ijnetly  only  at  greater  distances,  are  said  to  be  Ictig-sigliled. 

479.  Visual  raya  neaily  parallel.— When  we  consider  that  the 
diameter  of  the  pnpil,  when  the  eye  is  adjusted  for  viewing  near  objeets, 
is  only  about  one-tenth  of  an  inch,  if  we  take  the  Hmit  of  distinct  vision 
at  six  inches,  it  will  be  found  that  the  cone  of  rays  entering  the  eye, 
from  any  single  point,  is  included  within  an  angle  of  one  degree  If 
we  take  tbe  limit  of  distinct  vision  at  ten  inches,  the  angular  divergence 
of  the  cone  of  rays  entering  the  eye  from  a  single  point  will  he  little 
more  than  half  a  degree.  In  either  case,  therefore,  the  rays  differ  hut 
slightly  from  parallel  rays.  For  ail  objects  more  remote,  the  rays  may 
properly  be  considered  as  parallel.  Distinct  vision  is  therefore  obtained 
only  by  rays  that  are  seniihiij  parallel  or  very  slightly  divergent. 
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480.  Jidaptation  of  the  eye  to  diHerent  distances.— Allhoiigli 
there  ia  a  definite  distance  at  which  minule  objects  are  most  distinctly 
Been,  the  eye  has  a  wonderful  fauility  of  adapting  itself  tu  viewing 
objects  at  different  distances. 

Let  two  eimilar  objects  be  placed,  ona  three  feet  from  the  eye  and  tie  other  at 
K  diatancB  of  aii  feet:  If  the  eje  ie  filed  steadjlj  upon  tba  nearer  object  for  a 
few  moments,  it  will  bo  distinotly  seen,  wbile  the  more  remote  object  will  appear 
indistinct,  but  if  tbe  eye  is  stesdilj  fixed  up^n  the  remote  object,  that  object 
will  soon  be  elottrly  seen,  and  the  nearer  object  will  appear  indistinct     We  thna 

that  the  dialance  of  the  crystallino  lens  from  the  retina  is  changeable.  Tbe 
moans  by  which  the  eye  thus  rapidly  adapts  itself  to  viewing  objects  at  different 
distances,  have  not  beei;  satiafactoriiy  determined. 

481.  Appreciation  of  distance  and  magilitude: — Aerial  per- 
spective.—The  appreciation  of  the  distance  and  magnitude  of  objects 
is  entirely  a  matter  of  unconscious  training,  or  education,  and  depends 
upon  a  variety  of  circumstances,  as  the  visual  angle,  optic  angle,  com- 
pariaon  with  familiar  objects,  distinctness,  or  dimness  of  the  imago 
caused  by  intervening  air  or  vapor. 

When  the  magnitude  of  on  object  iflinown,  a^  the  height  of  a  man,  a  house, 
OT  a  tree,  the  vbual  angle  under  which  it  is  seen  enables  us  to  appreciate  its  dis- 
tance. If  its  magnitude  is  unknown,  we  judge  of  its  aiie  by  comparing  it  with 
other  familiar  objects  situated  at  the  sitme  distance. 

as  the  distance  increases,  and  the  objects  decrease  in  apparent  siie  in  the  same 
oroportion,  but  the  habit  of  viewing  the  houses  or  trees,  and  their  known  altitnde, 
causes  BS  to  correct  the  impression  produced  by  the  Tisaal  angle,  so  that  they  do 
not  appear  to  decrease  in  siie  as  fast  as  their  distance  increases. 

Thus,  when  distant  monntalns  are  Been  under  a  very  small  yiaual  angle, 
xecupying  but  a  small  space  in  the  field  of  view,  being  acoustomed  to  aerial  pcr- 
jpectiTo,  we  unconsciously  restore  to  some  eitent  their  rent  magnitude. 

The  optic  angle,  or  binocular  parallai,  is  an  essential  element  in  appreciating 
distances.  This  angle  increases  or  diminishes  inversely  as  the  distance;  th; 
movement  of  the  eyes  required,  to  cause  tbe  optic  aies  of  the  two  eyes  U  con- 
verge upon  any  object  which  we  are  viewing,  gives  us  an  idea  of  its  distance. 
It  is  only  by  habit  that  we  appreciat.i  the  relation  between  the  distance  of  an 
object  and  the  corresponding  movement,  required  to  direct  both  eyes  upon  it 

Perfect  vision  cannot  then  be  obtained  without  two  eyes,  as  it  is  by  tbe  com- 
bined effect  of  tbe  images  produced  on  the  retinse  of  both  eyes,  and  tbe  different 
angles  under  which  objects  are  observed,  that  a  judgment  is  formed  respecting 
their  solidity  and  distances. 

A  man  restored  to  sight  by  couching  cannot  tell  the  form  of  a  body  withont 
toQching  it,  untU  his  judgment  has  bean  mature-i  by  eiperience,  although  a  per- 
fect image  may  bo  formed  on  the  retina  of  each  eye,  A  man  with  only  one  eye 
cannot  readily  distinguish  the  form  of  a  body  which  be  had  never  previously 

one  eye  may  alternately  occupy  the  dift'erent  positions  of  a  right  and  a  left  eye  j 
»iid,  if  we  approach  a  candle  with  one  eys  shut,  and  then  attempt  to  snufl  it,  we 
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Infants  plainly  have  no  nolione  of  distances  and  magnitudes  til!  laugbt  oy 
experience  and  comparison  of  optical  appearances  nith  the  sense  of  touiih. 

482.  Single  vision  with  two  eyes.— When  both  ejes  are  directed 
to  the  same  object,  images  are  produced  in  both  eyes,  and  the  inquiry 
is  moet  natural  why  all  objeets  thus  seen  do  not  appear  double  ?  Pasa- 
lag  by  much  lenruiug  bestowed  on  thU  subject,  the  simplest  and  moat 
Mtisfaitory  explanation  of  the  phenomenon  is  deduced  from  the  ana- 
tomical structure  of  the  optio  nerves,  and  their  relations  to  each  other, 
and  to  the  brain. 

Iho  eyes  may  be  compared  to  two  branches  issuing  from  a  single 
root  of  nhich  every  minute  portion  bifurcates,  so  as  ta  send  a  tnig  U> 
each  eye.  (Mliller.)  The  optic  nerve  from  the  right  lobe  of  the  brain 
sends  a  portion  of  its  Mbres  to  each  eye,  and  also  sends  some  brancbeit 
across  and  backward  to  the  left  iobe  of  the  brain.  A  portion  of  the 
optic  nerve  from  the  right  eye,  instead  of  proceeding  to  the  brain,  curves 
around  and  enters  the  optic  nerve  and  the  retina  of  the  left  eye.  In 
the  same  manner  the  optic  nerve  arising  from  the  left  lobe  of  the  brain 
is  connected  with  the  right  eye,  and  sends  branches  also  to  tlie  left  eye. 

Branches  of  the  same  nerve  fibres  which  go  to  the  external  side  of 
the  retina  of  one  eye,  go  to  the  internal  side  of  the  other  eye. 

It  is  thus  that  a  perfect  s^mpath;  and  correspon donee  ie  established  between 
of  both  eyes  are  directed  tovards  it,  the  image  is  formed  on  corresponding  por- 

only  one  eye.  So  perfect  is  this  sympathy  between  the  two  eyes,  that  if  one  eye 
only  is  exposed  to  a  strong  light  the  pupils  of  both  eyea  contract.  If  one  eye  ii 
diseased  and  protected  from  the  light,  it  suffers  pain  fVom  light  entering  only 

483.  Doable  vision. — If  both  eyes  are  fixed  steadily  upon  one 
object,  any  other  object  seen  at  the  same  time  will  appear  double. 

Fii  both  eyes  steadily  upon  the  flame  of  a  lamp  or  candle,  and  a  finger  held 
heiween  tho  eyes  and  the  light  will  appear  double, 

cning  to  the  inability  to  direct  both  eyes  steadily  upon  the  same  object.     The 


484.  Binocular  vision.— A  picture  of  an  object  is  formed  on  the 
retina  of  each  eye  ;  but  although  there  may  be  but  one  object  presented 
to  tJie  two  eyes,  the  picture  formed  on  the  two  retinas  are  not  preciHslj 
ilike,  because  the  object  is  not  observed  from  the  same  point  of  view. 

tftberightbandbeheldatright  angles  to,  and  at  a  few  inches  from  the  f»o» 
12 
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the  back  of  the  liand  will  bs  seen  when  viewed  by  tbe  right  eje  onlj.ni-  th» 
palm  of  the  hand  when  viewed  by  the  left  ejo  onj.y ;  hence  the  images  foriaed 
an  tlie  retiau  of  the  two  eyes  must  differ,  the  one  including  more  of  tbe  right 
■ide,  and  the  other  more  of  the  left  fide  of  the  same  solid  or  projecting  object. 
Again ;  if  we  bend  a  card  ao  as  to  represent  a  triangular  roof,  plaoa  it  on  the 
table  with  the  gah'?  end  towards  the  eyea,  and  look  at  it,  first  wilh  one  eye  then 
with  the  other,  quicHl)  and  aiternalelj  opening  and  closing  one  of  the  eyea,  the 
oard  will  appear  to  move  from  side  to  side,  becaase  it  is  seen  by  each  eye  unde* 
a  dilTereBt  angle  of  vision.  If  we  look  at  the  card  with  the  left  eye  only,  the 
whole  of  the  left  side  of  the  card  will  be  plainly  seen,  wbile  tlie  right  side  will 
be  thrown  into  shadow.  If  wo  next  look  at  Ihe  samo  card  nitli  the  right  eye 
only,  the  whole  of  the  right  side  of  the  card  will  he  distinctly  yisible,  while  the 
left  side  will  bo  thrown  into  shadow;  and  thus  two  images  of  the  same  object, 
with  differeaoBS  of  outline,  light  and  shade,  will  he  formed,  the  one  on  the  retina 
of  the  right  eye  and  the  other  on  the  retina  of  tbe  left.     These  images  falling  on 

object,  while  experience  haying  taught  us,  however  uoconsoious  the  mind  may 
Iw  of  the  existence  of  two  different  images,  that  tbe  effect  observed  is  always 
produced  hy  a  body  which  really  stands  out  or  projects,  the  judgment  naturally 
determines  tbe  object  to  be  a  projeeling  body.* 

485.  Neax-siglitedJiesa.^Many  persons  are  unable  to  see  minnta 
objects  diatinetly  iitilees  they  are  placed  within  three  or  four  inches  of 
the  eye.  Such  persons  are  often  unable  to  see  ordinary  objects  difr 
tinotly  in  a  large  room  or  across  the  street;  they  are  therefore  said  to 
be  near-aighted  (478).  This  defect  is  owing  to  a  too  great  convergent 
power,  the  eye  bringing  parallel  or  slightly  divergent  rays  to  a  focus 
before  they  reach  the  retina. 

To  secure  distinct  vision  in  such  cases,  it  is  necessary  to  bring  the  object  so 
near  the  oye  as  to  render  the  rays  entering  the  eye  considerably  divergent,  when 
Ibo  image  will  be  formed  on  the  retina.  The  same  object  may  be  accomplished 
by  placing  a  concave  lens  before  the  eye,  when  the  rays  from  distant  objects  will 

image  on  the  retina-  Concave  lenses  for  near-sighted  persona  shonld  be  such 
as  have  a  focus  a  little  longer  than  the  distance  at  which  they  see  objects  most 
distinctly. 

480.  Long-sle'iteatieaB  commonly  occurs  in  old  people,  when  the 
eye  becomes  flattened  by  diminution  of  its  Suids,  or  eome  structural 
change  in  the  crjstalline  lens  occurs,  by  which  its  convergent  power  is 
diminished.  In  such  co^es  the  rays  of  light  tend  to  form  an  image 
behind  the  retina,  and  vision  is  most  distinct  wheu  the  object,  as  a 
book  when  reading,  is  held  at  a  considerable  distance  from  the  eyes  so 
as  to  allow  the  image  to  be  formed  on  the  retina, 

Thij  defect  of  (he  eyes,  when  not  aocompanled  by  disease,  may  be  entirely 
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mnedied  by  using  eouvex  glasses,  wtich  make  up  for  the  diminished  conTerg- 
JQg  power  of  the  eyes,  and  bring  the  rays  to  such  a,  condition  that  the  eye  it 
enabled  to  bring  the  light  trom  near  objects  to  a  distinct  focus  upon  the  retina 
In  such  oaees.  however,  the  power  of  aooommodoting  the  eye  to  different  dis- 
taneea  is  often  not  as  great  as  in  younger  persons;  hence  many  people  in 
advanced  life  find  it  necessary  to  use  one  set  of  glasses  for  near,  and  another  for 

487.  Duratiou  of  the  impression  upon  the  retina. — -Every  one 
knows  that  a  lighted  sliuk  whirled  rapidly  around  a  circle  appeara  like 
a  ring  of  fire.  The  rapidity  of  revoluiion  required  to  produce  this 
impression  is  one-third  of  &  second  in  a  dark  room,  and  one^izth  of  a 
second  by  daylight. 

When  a  meteor  darts  across  the  heavens,  it  appeara  to  leave  a  luminous  track 

meteor  has  passed  a  considerable  distance  on  its  nay.  The  sigiag  course  of  the 
lightning  appears,  fur  the  same  reason,  as  a  continuous  track. 

Winking  does  not  interfere  with  distinct  vision,  because  the  continu- 
ance of  the  impression  of  external  objects  on  t)ie  retina  preeerves  the 
sense  of  continuous  rision, 

488.  Optical  toya.^Thaumatrope. — A  great  number  of  optical 
toys  and  pyrotechnic  exhibitions  owe  Clieir  effect  to  the  continuance  of 
the  impression  upon  the  retina,  when  the  object  has  changed  its  place. 

If  a  horse  is  painted  on  one  side  of  a  card  and  a  rider  on  the  other  side,  the 
rapid  revolution  of  the  card  causes  the  rider  to  appear  seated  on  Ihe  horse.  In 
the  same  manner,  if  any  object  which  takes  a  variety  of  positions  in  moving  ii 
painted  in  successive  positions,  at  equal  distances  on  a  revolving  wheel,  so 
arranged  that  one  only  of  the  ligures  shall  be  seen  at  a  lime,  the  object  is  seen 
performing  all  the  motions  of  real  life.  In  this  manner  a  horse  may  be  made  to 
appear  leaping  a  gate,  or  boys  playing  at  leap-frog.  These  toys  are  called 
Ihauaialropea  and  anorlhiicnpc.  Other  toys,  called  pienakitloicopsti  and  phanlat. 

arrangementa  on  the  same  principle. 

4S9.  lime  required  to  produce  visual  ImpreBSions, — If  an  object 
moves  with  sufficient  velocity,  it  is  entirely  invisible,  its  image  upon  tha 
retina  not  remaining  long  enough  to  produce  any  impression.  This  is 
the  case  with  a  cannon-ball  or  rifle-ball,  viewed  at  right  angles  to  the 
direction  of  its  flight.  But  if  the  projectile  is  going  from  us,  or  soming 
towards  us,  it  preserves  the  same  direction  long  enough  to  produce  an 
impression.  Motions  describing  less  than  otie  minute  of  arc  in  a  second 
of  time  are  not  appreciable  to  us.  Hence  we  do  not  see  the  movements 
of  the  hour  hand  of  a  clock,  or  of  the  heavenly  bodies. 

490.  Appreciation  of  colore. — Color  bliudness. — The  power  of 
the  eye  to  distinguish  colors,  varies  greatly  in  different  persons.  Some 
eyes  fail  entirely  in  this  particular,  while  in  every  other  respect  they 
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we  perfect.  SucS  eyos  are  said  to  be  color-blind  Some  confound 
certain  colore,  as  rijd  QDd  green,  'while  they  distinguish  others,  or  while 
thej  recognise  all  the  colore  of  the  spectrum,  they  caonut  appreciate 
delicatfl  shades  of  the  same  color. 

Colors  ace  greatly  modified  by  proper  contrast  with  other  colors. 
Thus  the  complementary  colors  mutually  enhance,  while  those  not  com' 
plementary  diminish  each  other's  beauty  when  contrasted.  The  sensi- 
biiitj  of  tlie  eye  is  much  diminished  by  long  iuBpection  of  any  cclor, 
and  its  power  of  perceiving  the  complementary  color  is  proportionally 
increased.  This  principle  Is  the  key  to  harmony  of  colors  in  nature 
and  art,  and  serves  to  explain  the  modification  of  color  b;  contrast,  and 
prosimity  of  two  or  more  colors. 

491.  Chevieul's  claaslflcation  of  colors,  and  cbromatlo  dia- 
gram.— The  chromatic  diagram  of  Chevreul,  fig,  375,  greatly  facilitates 


the  study  of  complementary  colors,  and  the  modifications  produced  by 
their  mutual  proximity. 

Threo  radii  of  a,  circla  ropresent  Brewater'a  three  cardinal  colors,  rod,  yellow, 

id  blue;  betwBBD  these  are  placed  orange,  green,  Bod  v' 


replE 


^ed  reddist 


yellow, 


uid  violet 


•ed.     We  thus 
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Bpectrum,  dirided  Inki  iilty  scales  of  purs  color>.  E»ob  radiiia  repreaenling  * 
ecale  of  colors  is  ditlded  into  iwonty  IB„ct,  to  rapresent  tbe  inlenaitj  of  each 
color  in  ita  own  acale.  The  lone  of  any  color  may  be  lowered  bj  tbe  addition 
of  nhite,  wben  it  will  remain  in  the  aame  radius  or  acale,  but  take  a  position  M 
K  lower  tone,  or  nearer  the  centre  of  the  circle.  A  color  modified  by  black,  ia 
ealled  a  broken  color,  but  as  tbe  color  is  deeper,  the  tone  ia  carried  tt^wards  tbo 
lircumference  of  the  eirele.  To  represent  tbe  modifications  produced  by  black, 
Clievraui  amploya  a  movable  quadrant,  not  easily  introduced  in  our  iliuatralion 

When  two  complementary  colors  are  miied,  tbeir  combinatioD  prodnces  wbite, 
If  the  colora  are  pure.  Tbe  combination  of  two  colors  not  complementary  pro. 
duces  a  certain  quantity  of  wbite,  but  principally  a  color  wbicb  will  be  founiJ 
in  the  diagram  intermediate  between  tbe  two  colors,  if  tbey  are  of  the  eiune 
tone,  or  nearer  to  the  color  of  deeper  tone,  when  their  tones  or  intensities  are 
different.  Tbe  complementary  color  in  tbe  diagram  ia  fonnd  at  tbe  opposite 
extremity  of  tbe  diameter  of  the  eirele. 

This  diagram  thns  esplaine  the  effect  wbioli  two  colors  produce  upon  each 
oLher  by  tbeir  mutual  proiimity. 

Wheu  tico  colori  ore  placed  near  each  ulher,  each  tolor  appeart  modified  at 
thonglt  mixed  wilk  a  tmall  portion  0/  the  complement  to  the  color  nhieh  ia  near  it. 

ExamplsB, — (h)  Suppose  Wms  and  gelloie  to  be  placed  aide  by  side;  at  one 
Bstremity  of  a  diameter  we  read  gellotn,  and  at  tbe  opposite  cioUi,  hence  the 
proximity  of  yellow  giyes  to  the  blue  a  ahado  of  FJolet,  or  makea  it  approach 

tbe  blue  gives  a  ahade  of  orange  to  tbe  yellow,  or  makes  it  approacli  orange 
yelloa. 

(6)  Let  'ji-een  and  ycllam  be  contiguous,  the  yellow  will  receive  red,  the  com- 


will  thus  be  aeatraliied,  and  the  green  will  appear  bluer  or  leaa  yellow,  iu  fac^ 
greenish  blue. 

492.  The  study  of  colors  upon  the  priDciples  here  laid  down  is 
of  great  importatiee  to  the  artist  atid  manufacturer,  whether  in  repro- 
ducing the  beauties  of  nature,  or  in  aruhiteetural  decoration ;  aiso  in 
weaving,  embroidery,  and  costume. 

The  akillful  saleaman  knows  how  to  enhance  the  brilliancy  or  beauty  of  his 
goods  by  artfully  contrasting  tba  piecea  which  he  hopes  to  sell  by  othen  ' 
complementary  colora.     Good  taste    in    dresa   never  ^' 
regarding  with   care   tba   oomplesion  of  the  wearer 

are  made  pallid  by  heavy  colors.  A  green  dress  or  wrea 
of  a  roay  oomplesion.  A  crimson  dress  and  scarlet  shi 
mntually  dull  and  heavy,  while  either,  with  the  contraa 
of  graen,  would  be  attractive  and  tasteful.  Thesa  topici 
Nidered  in  "  ChovTcul  on  Colora." 

J  6.  Optical  Instmmenta. 

493.  Magnifying  glasses. — Single  lenses,  used  for  magnifying 
small  objects,  occupy  an  important  place  in  the  arts.  They  are  used 
by  watj!li-m alters,  jewelers,  engrayers,  and  other  artisana,  whose  labori 
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are  perfetmed  upon  minute  structures.  These  instruments  occupy  a 
middle  place  between  spectacles  and  the  regular  microscope  composed 
of  a  Tarietj  of  parts. 

A  thorough  knowledge  of  tba  uses  and  powers  of  simple  lenses  forms  tte  basis 
of  all  calcnitttions  of  the  powers  and  uses  of  more  comples  iuattuments.  Ilka 
the  compound  microscope  and  the  telescope. 

Ibe  eye  tabes  do  coguieance  of  real  magaitude,  which  it  can  onl;  estimate  bj 

casei  by  the  risual  angle  under  which  objects  are  scbu  (472). 

We  hare  seen  (479]  that  it  ia  essential  to  distinct  vision  that  the  rajs  entering 
tlve  pupil  from  any  one  point  of  an  object  ahould  ha  parallel,  or  slightly  diifer- 
gent,  the  distance  of  moat  distinct  vision  being  generally  ftom  Bve  to  tan  incbes. 

inches,  and  for  eyes  enfeobled  by  age,  it  extends  from  lifleen  even  la  thirty 

494.  The  magnifying  power  of  a  lens  is  found  with  sufficient 
accuracy  for  ordinary  purposes  by  dividing  the  limit  of  distioct  vision 
(t«n  inches)  by  the  distance  of  tlie  principal  376 
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If  the  cjo  is  placed  ILC  a  dist^ce  frem  the  leoB  equal  to  the  distance  at  which 

magnified  by  the  action  of  the  ious. 

The  superficial  magoifjing  power  is  equal  to  the  square  of  tl>6  linear 
magnifying  power  given  by  the  rule  slated  above  ;  but  the  linear  mag- 
nifying power  IB  alone  commonly  used  in  scientific  treatises. 

495.  Tte  simple  mictoscope  acts  in  the  same  manner  as  the 
aingle  iens  or  magnifying  glass.  Instead  of  a  single  lens,  b  doublet  of 
triplet,  aoting  as  a  single  lens,  is  often  used. 

Raapal  a  dissec    ng  m  c  oaoope, 
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496.  The  compound  microscope 
lenses,  so  arranged  that  when  an  object  is  placed 
a  little  beyond  the  principal  focus  of  the  first 
lens,  its  image  may  be  formed  in  the  principal 
focus  of  the  second  lens,  by  which  it  is  viewed 
as  an  object  is  viewed  by  a  common  magnifier. 

The  arraagemeot  of  tlie  lenses    In   the  compound         #/ 

of  the  object,  and  the  images  both  real  and  virtual.  /' 

The  ohject,  t  r,  being  placed  near  the  first  lena,  a  h,  *''« 

called  the  objeet-glass,  an  image,  invi 
enlarged,  is  formed  at  R  S,  in  the  foci 
lens,  rfc,  called  the  aye-glaaa.  By  ti 
ore  transmitted  alightly  divergent,  ai 
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497,  The  telescope  is  an  instrument  oonslruoted  fi>r  viewiug  dis- 
tant objects. 

Telescopes  are  of  two  kinds.  Refracting  teleacopea  are  ooastnicted 
of  lenses.    Reflecting  telescopes  contain  one  or  more  metallic  refleotorn. 

498.  The  telescope  used  by  Oalileo  in  1609,  is  the  oldest  form 
of  which  we  have  any  definite  deseription.  The  Galilean  teleapope 
consists  of  a  conves  lens,  of  long  focus,  and  a  concave  lens  of  short 
focus  placed  at  a  distance  apart,  equal  to  the  difference  of  their  princi- 
pal foci.  The  light  from  distant  objects  collected  by  the  large  surface 
of  the  convei  field-lens,  is  brought  to  such  a  atate  of  divergence  by  the 
concave  eje-lena  as  to  produce  distinct  vision  in  the  eje. 

The  magnifying  power  of  the  Galilean  tflleaoope  is  found  by  dividing 
the  principal  focus  of  the  convei  lens  by  the  principal  focus  of  the  con- 


to  i.     The  direation  of  the  obliqoe  pencils  ii 

irawn  from  o  and  4  (brough  0',  the  optical  centre  of  the  lens  E  F.  It  is  ospe- 
iially  to  be  noticed,  that  while  the  rays  from  any  one  point  in  the  object  are 
rendered  parallel,  or  slighUy  divergent,  bj  the  concave  lens,  the  pencils  from  the 
Htremo  points  converge  at  0'  maoh  mere  than  at  0,  making  the  visual  angle 
l'  0'  6  ,  under  which  the  object  is  seen  by  the  telescope,  much  greater  than  the 
risual  angle  aOb,  under  which  the  object  would  appear  without  the  telescope. 

Since  the  angle  A  0  B  is  equal  to  a  0  4,  and  a'  0'  b'  is  equal  to  aO'b,  the 
risual  angle  a'  O'  4'  is  to  the  angle  A  0  B  aa  0  F  is  to  0'  F,  and  the  image  a'  b' 
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The  opera- glass  consists  generally  of  two  Galiiean  telescopes,  placed 
jear  together,  to  allow  of  distinct  visioD  bj  both  eyes. 

Night-glasses,  used  bj  seamen,  are  constructed  like  large  opera- 
glasses.  Tliej  serve  to  concentrate  a  large  amount  of  light  in  such  a 
condition  as  to  allow  of  diatinct  vision,  and  thus  enable  the  eye  to  see 
objects  diatinfttlj  in  the  night.     Thej  have  a  low  magnifjiag  power. 

With  the  Halileaa  telescope  in  all  its  fornis  the  object  appears  erect. 

499.  The  astro nomical  telescope  may  be  oonatructed  with  a 
convex  lens  placed  beyond  the  image  formed  '^y  the  Beld-lens.  The 
second  lens  then  magnifies  the  image  formed  by  the  first  lens.  The 
object  appears  inverted,  but  this  oceaeions  very  little  inconvenience  in 
astronocnical  observations. 

500.  Eye-pieces  are  certain  combinations     f  1  I        b    h 
telescopes  and  microscopes  to  magnify  the  ira        f    m  d  by  tl     1 
nearest  to  the  object.   They  have  less  spherical  and   h         t       b 

than  a  single  lenB,  and  also  enable  the  eye  to  t  k              1    g 

f   1      b|    t  t    b         m      d  tb  Id     h            b 

Thp                  yp  tdbjRad                  tft 

p!                   1           w  tl    th  f                 i  t  w    d         h 

th           d  pi      d     t        1        It.  th  t  th       bj     t         m  g     t     b 

w  d  by    t               d   t     tly  wh      b  ht      j         ly             t    t 

th  ih     t    t  1            T                  th  It   th    d   t           b  tw         th 

1            m     t  b            y  1  ttl     I        th  h  If  th         m    f  th       f      1 

1      th   f    p      11  1      y       Th      ph  lb       t       p    d      d  by  tb 

yp                 lybotfth  hf          gllw             d 

Ih     h    m  t       b        t         1          1  tl       w  tl            gl    I 

Iiet  P  P,  fig.  380,  be  the  field-lens,  and  B  E  tlie  eje-lens  of  the  positive 
piece.     Let  mn  be  an  image  formed  ■ 
objeet-glaas  either  of  a  t*l6scope  or  a 

passiugthelene  FF  becomes  eoIored,c 

representing  the  violet  rsys,  and  c  i 

repiesenting  the  red  lajs.     The  red 

■hich  are  least  refracted  bj  the  first 

Ml  near  the  borders  of  the  seooad  lena,  where  the  reft 

than  where  the  more  refrangible  violet  raja  fall ;  benoe 

coireet  tlie  chromatie  dispersion  of  the  first,  and  the  vi 

the  eje  vetj  nearlj  as  though  emaoflting  from  a  comi 


The  negative  eye-pieoe,  which  was  invented  by  Iluyghens,  con- 
lists  generally  of  two  plano-convex  lenses,  having  the  convex  surfacef 
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of  both  turned  toward  th 
a  distancQ  from  esich  th 
lengths.  The  image  f  d  h  t 
considerably  enlarge  tl  G  H  f 
aberration  ;  the  chr  m  t  l^  rat 
equalized  in  a!l  parts    f  tl     fi  Id  tl 


g! 


thafii 


ir  field  le 


cje-p« 


■d  the  objaet,  and  an  eye-lana  iiavi 
■bsrration  (454),  with  the  -ire  oonvei  aide  toward 

The  focal  lengths  ot  the  field  and  eye  lenees  ahou 
nod  their  dislance  apart  equal  to  one-half  tiie  sum 

In  eye-pieces  designed  for  the  miorosaope,  inatea 
fbeal  length  of  the  Geld-len$,  ne  must  take  its  con 
is  placed  in  the  poaition  ot  the  object-glaas  of  the  i 
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The  terrestrial  eye-piece 
added  solely  to  produce  an  erect  imago. 
Fig.  381  ahowa  B  section  of  the  common  apu-glc 


(5T1). 
of  four  lenses,  two  of  them  being 


501.  Reflecting  teleacopea  are  ostensively  used  for  astronomical 
observations.  A  variety  of  forma  have  been  invented  by  different 
observers,  but  in  all  a  metallic  speculum  is  employed  to  form  an  image 
of  distant  objecta,  and  an  eyo-pioco  ia  used  to  magnify  tbe  image. 

502.  Sii  'William  Herschel's  telescope,  shown  in  fig.  332,  con 


a  tube  BOmewbat  larger  than  tiie  dia 
n  eye-piece,  tf,  placed  at  one  side  of  the  open 
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end  uf  the  tube.  The  a,sh  of  the  speculum,  repreaented  by  the  dotted 
line  o  N,  ia  bo  iDoriiieii  that  parallel  rays,  falling  on  every  part  of  the 
speculum,  will  be  reflected,  converging  to  the  eide  of  the  tube  where 
the  eye-piece  is  placed  to  receive  ihem.  The  size  of  the  tube,  and  the 
iucli nation  of  the  axia  of  the  apeculum,  is  so  adjusted  that  the  eye  of 
the  observer  raaj  be  placed  at  E  without  intercepting  any  part  of  the 
light  which  can  fall  upon  the  speculum  in  such  a  direction  as  to  be 
reflected  to  the  eye-piece. 

Sir  William  Hetachel's  great  leleecope  had  a  speculum  four  feet  m  diaraeler, 
Uree  and  a  half  ioebos  thick,  neighiug  two  thousand  one  hundred  and  eighteen 
pounds.  Ita  Toeal  length  nas  fort;  feet,  and  it  nas  act  in  a  sbcet-irou  tulM 
thirtj-DJoe  and  a  half  feet  long,  and  four  feet  ten  inches  in  diameter.     When 

foor  hundred  and  fifty  diametera. 

This  is  called  the  front  view  telescope,  hecause  ilie  observer  sits  with  his  baoi 
to  the  Dbject  and  looks  into  the  front  end  uf  tbe  telescope. 

503.  Lord  Rosae'a  telescope. — By  far  the  largest  reflecting  tele- 
scope ever  constructed  was  made  by  the  Earl  uf  Rosse.  It  waa  com- 
menced in  1842,  and  was  so  far  completed  as  to  be  used  for  the  first 
time  in  February,  1845. 

The  great  speculum  is  six  feet  in  diameter,  has  a  focal  length  of 
fifty-four  feet,  and  weighs  four  tons.  An  additional  speculum  to  be 
used  in  the  same  instrument  weighs  three  and  a  half  tons.  The  tube 
is  uf  wood,  hooped  with  iron,  seven  feet  in  diamel«r,  and  fifty-two  feet 
in  length. 

This  telescope  has  fittings  to  mount  the  eye-pieces  either  for  ftont  view,  as  in 
Herschel'a  telescope,  or  at  tbe  side,  as  in  the  Newtonian  form  :  tor  this  purpose  a 
small  speculum  is  plaeed  at  an  angle  of  46°,  refieoting  the  rays  at  a  right  angle 
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504.  Aohiomatlc  tele  scopes  .^T  he  principle  of  achromatism  has 
been  briefly  explained  in  J  4G6,  where  it  has  been  shown  that  a  convex 
lens  of  crown  glass  may  be  combined  with  a  concave  lens  of  longer 
fucus,  made  of  flint  glass,  which  has  a  higher  refractive  and  diecersive 
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power,  the  combination  producing  refraction  without  dispersion,  and 
consequently  forming  an  image  free  from  tlie  primary  priamatii;  colors. 
The  commoD  form  ot  auhromatio  eompound  lens  is  a  plaHO-concave  lens  of 
filnl  gliits,  united  with  a  double  convex  lens  of  orown  glass.  Such  lenaea  are 
found  in  opera-glasses  and  spj-g!aaaea,  called  aobromalie,  used  both  on  land  and 
SC  sea.  This  form  of  lens  is  also  often  employed  in  the  sinallar  astronomical 
telescopes.  But  in  auch  glasses  a  eertoin  amount  of  spherical  aberration  remains 
aucorrected. 

time,  a  double  concave  lens  of  flint  glass  has  been  placed  between  two  doubls 


The  refractive  and  dispersive  powers  of  glass  are  so  variable,  that  the  optician 
ia  obliged  to  Jelermino  them  anew  for  every  new  specimen  of  glass,  and  estimate 
again,  by  the  formuite  already  given,  the  proportional  curvatures  of  the  lennea 
to  be  construelcd  from  it. 

Sir  John  Herachel  found  that  an  achromatic  ohject-glass  of  the  form 
shown  in  fig.  383,  will  be  nearly  free  from  spherical  aberration,  if  the 
exterior  surface  of  the  crown  lena  is  672,  and  the  exterior  sur-  gsj 
face  of  the  flint  lens  14-20,  the  focal  length  of  the  combination  astjb 
being  1000 ;  and  the  interior  surfaces  of  the  two  lenses  being  ^g 
jomputed  from  these  data  l*>  destroy  the  chromatic  aberration  ^^ 
bj  making  the  focal  lengths  of  the  two  glasses  in  the  direct  ^^ 
ratio  of  their  dispersive  powers  (467).  The  two  interior  surfaces  W^ 
that  come  in  contact  may  be  cemented  together  if  tlip  lenses  are  ^M 
small.  -*-^^ 

Until  quite  recently,  sumost  insuperable  oVslacles  interfered  with  the  manu- 
facture of  flint  glaas  in  large  pieces  of  uniform  density    tree  trom  veins  and 

inafvel  of  optical  art.  The  objecl-gliLas  in  the  great  achromatic  refracting  tele- 
scope at  Cambridge,  Mass.  (one  of  the  largest  in  gse)  i«  ahoat  siiteea  inches  in 
diameter,  with  a  clear  aperture  of  fifteen  inches,  and  it  cost,  unmouited,  about 
tl5,0OD.  Mr.  Bontemps,  a  French  artist,  employed  ia  tlie  glass  works  of  Meiiars. 
Chaace,  Brothers  &  Co.,  Birmingham,  Eng.,  has  sncceeded  in  producing  a  disk 
of  flint  glass  twenty-nine  inches  in  diameter,  two  and  a  half  inches  thick,  weigh- 
ing two  hundred  pounds,  and  pronounced  by  the  most  skillfnl  opticians  very 
nearly  faultless. 

505.  Equatorial  mountings  for  te  lea  oo  pea  .—With  telescopes  of 
great  power,  the  diurnal  motion  of  the  earth  causes  n  celestial  object  to 
pass  out  of  the  field  of  view  too  rapidly  to  allow  of  satisfactory  observa- 
tion. To  obviate  this  difficulty,  a  system  of  machinery  called  an 
equatorial  mounting,  has  been  devised,  to  gi-ve  to  the  telescope  such  a 
uniform  motion  as  to  keep  any  celestial  object  constantly  in  the  field 
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the  Fartli,  and  ii 
to  tbe  sidereal 

is  fixed  upon  the  itrsl  axis,  and  at  riglit  angles  with  it.     The  telescope  can 

be  moved  in  rlgbt  aseensiua  by  metiun  on  tbe  first  axis.     When  Che  telescope 
has  been  thus  directed  to  any  celestial  object,  It  may  be  clamped  ou  both  axes, 

506.  The  Cambridge  telescope  '^rith  equatorial  mountings  is 
shown  ill  fig.  384. 


vxi  (crewi.  It  la  cov 
easily  rotated  so  as  to  a 
ba  directed  to  any  par 
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The  toOTftble  portion  of  Uia  teleeoope  nod  maehiDcry  is  estimated  to  wcigli 
about  three  tons,  but  il  is  so  perrectly  oountorpuised  a,nd  odjusted  tliiib  tbe 
obserrer  oan  direct  (he  ioatiBmont  to  any  part  of  tho  heftvona  by  a  very  slight 
pressure  of  the  hand  upon  the  balance  rods.  This  great  aohromatio  ielescope 
has  eighteen  different  cye-pieeea,  giTing  1»  the  instrument  magnifying  poweri 
var/ing  from  103  to  2000  diameters. 

507.  The  visna'  power  of  telescopeB,  or  the  aid  which  thej  afford 
in  viewing  distant  objects,  depends  upon  tho  combined  effects  of 
increased  light  and  magnifjing  power. 

Sir  William  Heraohel  relates  that,  on  a  certain  occasion,  when  on 
account  of  the  darkness  a  distant  steeple  was  invisible,  a  telescope 
showed  very  diotinctly  the  time  by  the  clock  on  the  tower.  Here  hut 
little  magnifjing  power  waa  required,  and  there  was  a  deficiency  of 
illumination,  yet  the  telescope  supplied  both. 

To  understand  tlie  principles  upon  which  this  power  of  telescopes 
dnpends,  it  is  necessary  to  attend  to  the  following  particulars; — 

1.  Magnifying  power  is  mea'iuied  by  the  enlargement  of  the  image 
seen  in  the  telescope,  as  compnred  with  the  aj  p  Lrent  dimensions  of  the 
object  as  seen  by  the  naked  eye 

2.  The  illuminating  power  of  the  telescope  is  the  amount  of  light 
which  it  collects  from  any  object  and  transmits  to  the  eye  for  the  pur- 
poses of  vision,  as  compared  with  the  amount  of  light  from  the  same 
object  received  by  the  unassisted  eye. 

The  illuminating  power  of  the  teleseope  should  be  carefully  distinguished  from 
illumination  of  the  objecl. 

3.  Penetrating  poieer  is  the  ratio  of  th»  distances  at  which  the  eye  and 
telescope  would  collect,  for  the  purposes  of  vision,  an  equal  amount  of 
light.  Hence  the  penetrating  power  of  a  telescope  is  equal  to  the 
ei^uare  root  of  the  illuminating  power. 

4.  The  meual  poiBer  of  a  telescope  is  found  by  extracting  the  square 
root  of  the  product  obtained  by  muitiplyiiig  the  penetrating  power  by 
the  magnifying  power. 

Putting  P  for  the  penetrating  power  of  a  retracting  telescope,  x  for  the  pra. 
portico  of  light  transmitted  by  a.  single  lens,  n  for  the  number  of  lenses  in  tha 
iDStrumeat^  A  the  available  diameter  of  the  Gold-tens,  and  a  for  the  diameter  of 

the  pupil  of  the  eye,  vre  shall  hare  the  illuminating  power  =  — —. 

l'^^      A     ,— 
Thi  peoelrBting  power,      P  =  *  I  — —  =  —  yx'. 
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The  value  of  x  in  this  equation  will  vary  with  the  thiol  less  of  the  lenses,  tho 
degree  of  palish,  and  the  amount  of  curTatura;  but  for  ordinar;  purposes  of 
calculation  wo  may  consider  its  value  as  vnrjing  from  ^S,  u,  ^. 

Let  M  represent  Ihe  magnifying  power  and  V  the  visual  power  of  a  telasaope, 

»nd  we  shall  have  generally,        F  =  -\/'mP  =  |  M.-.!^  \  ^ 

It  will  be  evident  that  the  best  effeat  with  the  telescope  will  be  obtained  when 
the  penetrating  and  magnifying  powers  are  nearly  equal.  If  the  magnifying 
power  is  in  excess,  though  the  imuge  may  be  enlarged,  it  will  he  too  faint  l/t 

the  several  parts  of  the  image  will  not  he  clearly  separated  upon  the  retina. 

The  magnifying  power  of  the  telescope  is  therefore  varied  by  the  use  of  dif- 
ferent eye-pieces  (SOS)  to  suit  the  elate  of  the  atmosphere  and  the  degree  of 
illumination  of  the  object  viewed. 

50S.  Achiomatic  object  glasBes  for  microscopes,  if  constructed 
of  the  forms  used  id  telescopes,  are  verj  wnsntisfaotory.  In  the  Erst 
place,  it  iafouod  esoeedingly  difficult  to  cunatruet  suoh  lenses  sufficiently 
small  for  the  high  magnifying  powers  required  in  the  microscope. 
Secondly,  tlie  largest  achromatic  lenses  for  teleseo|:'ea  have  but  a  email 
diameter  in  proportion  to  the  length  of  their  foci,  and  if  lenses  for  the 
microscope  liave  a.  diameter  equally  small  in  proportion  ia  their  foci, 
they  admit  too  little  light  to  be  of  much  practical  utility.  But  if  their 
diameter  is  increased,  the  light  admitted  through  the  borders  of  the 
lenaes  produces  fringes,  with  colors  in  tie  inverse  order  of  the  solar  spec- 
trum, showing  that  while  the  color  is  perfeotly  corrected  in  the  centre, 
tie  correction  effected  by  the  concave  lena  is  too  great  at  the  margin. 

509.  Lister's  aplanatic  foci,  and  compound  objectives. — The 
discoveries  of  Joseph  Jackson  Lister,  Esq.,  communicated  to  the  Boyal 
Society  in  1830,  have  proved  of  the  utmost  value  in  perfecting  the  com- 
pouod  achromatio  microscope.  His  preliminary  principles  are,  1st,  that 
plano-convex  achromatic  lenses,  shown  in  fig.  371,  are  most  easily  con- 
structed. 2d,  that  if  the  oonves  and  i,oni.ave  lensf?  have  their  inner 
surfaces  of  the  same  curvature  and  are  emented  together  much  less 
light  is  lost  by  reflection  than  f  ti  e  lenses  are  not  cemented  Mr. 
Lister  discovered  that  every  such  piano  ggj 

convex  achromatic  combination  as  I 

fig.  ilR5,  has  some  point,  as  f  not  far    i 

from  its  principal   focus,  from  which  t 

radiant  light  falling  upon  the  iens  vi 

be  transmitted  free  also  from  spheii 

aberrntion.     This  point  is  tiierefiro  tailed  an  aplaaattc  foa 

incident  rs.j, /d,  makes  with  the  perpendi  ular    id    an  angle   con- 

■iderablj  less  than  the  emergent  ray  eg  makes  with  eh  the  perpen- 

dicnlar  at  the  pt  iut  of  emergence     The  angle  of  emergence  is  nearlj 
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three  times  as  great  aa  the  angle  of  incidence,  and  the  rays  emei  ^e  from 
the  lens  nearly  parallel,  or  converging  towards  a  fucus  at  a  moderate 
dii^tance  from  the  lens. 

If  the  radiant  point  is  non  made  to  approach  the  lens,  bo  that  the  raj/ijej 
bBoomBE  more  divergent  from  the  aiis,  na  the  angles  of  incidence  and  emergence 
become  more  nearly  EqnBl  to  each  other,  the  spherical  aberration  becomes  negft' 

Blaaa,  the  angle  of  incideneo  increases,  and  the  angle  of  emergence  diminishes 
and  becomes  less  than  the  angle  of  incidence,  and  the  negatire  spherical  iberra- 
Uon  produced  b;  the  ouler  curres  of  the  compound  lens  becomes  again  equal  to 

cemented  together.  When  the  radiant  has  reached  this  point  /  (at  wbiuh  the 
angle  of  incidence  does  not  eieeed  that  of  emergenco  so  mach  as  it  had  at  first 
come  short  of  it),  the  rajs  ftgftln  pass  the  glass,  free  from  spherical  aberration. 
The  point/  is  called  the  shorter  aplanatie  focus. 

is  over-corrected,  or  negative;  and  for  all  radiant  points  more  distant  than  the 
longer  aplanatie  focus/,  or  less  distant  than  the  shortor  aplanatie  focns  /,  the 
spherical  aberration  is  under -corrected,  or  positive.  These  aplanatie  foci  have 
another  aingnlar  property.  If  a  radiant  point  in  an  oblique  or  secondary  axis 
U  situated  at  the  distance  of  the  longer  aplanatie  focus,  the  image  sitnated  in 
the  corresponding  conjugate  iucus  will  not  be  sharply  defiued,  but  will  bare  a 
eonta  extending  outwards,  distorting  the  image.  If  the  shorter  aplanatie  focus 
Is  used,  the  image  of  a  point  in  the  secondary  aiis  will  have  a  coma  extending 
towards  the  centre  of  the  field.  These  peeuliarities  of  the  coma  produced  by 
oblique  pencils  are  found  to  be  inseparable  attendants  on  the  two  aplanatie  foci. 

These  principles  furnish  the  tneans  of  entirely  correcting  both  chro- 
matic and  spherical  aberration  and  of  de^troving  the  coma  of  oblique 
pencils,  and  also  of  tranemilting  a  large  angular  pencil  of  light  free 
from  every  apeciea  of  error 

Two  plano-ccnvex  achnnutiL  lenses    \M   fig     ^G  are  5i   arranged 
that  the  light   radiating   from 
the  shorter  aplanatn,  focus  it 
the  anterior  combination  is  re  ^ 
ceived  by  the  second  lens  in  thf  ^^ 
direction  oi  J",  its  hnger  apla 
Qatie  focus 

If  the  two  ompjunl  Ipnaes  are  hxed  in  thi^  positi  n  the  raliant 
point  may  be  moved  1  aikwards  or  forwards  within  m  dti ale  limits  and 
the  opposite  errors  of  the  two  compound  lenses  will  ba  1B7 

Achromatic  lenses  of  other  fjrms  have  similar  pro-  "^^^^^^™ 
perties.     It  is  found  in  practice  that  larger  penuils  Iree    ^^^^^^ 
from  errors  can  be  transmitted  by  employing  three  ei  m         jes&it^ 
pound   lenses,  the   middle   and  posterior  combinations       Hfil^B 
being  so  united  as  to  act  as  a  single  lens,  together  balancing  the  abep- 
rations  of  the  more  powerful  anterior  combinations.     Pig.  387  shows 
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n  form  of  the  triple  aplanattc  and  achromatic  objective,  used 
for  the  compound  microscope. 

510.  Aberration  of  glaas  cover  corrected. —If  an  objeot  viewed 
with  an  achromatic  microscope,  which  has  all  its  aberrations  corrected 
for  an  uncovered  object,  is  covered  with  even  a  thin  film  of  glass  or 
mica,  spherical  aberration  ia  again  produced,  thus  sensibly  impairing 
the  distinctness  of  vision  when  a  high  power  is  used. 

Let  a  b  id,  fig.  383,  be  a  nlm  of  glasa  or  mica  bonniied  by  parallel  BnrfacBB. 
If  rBJB  of  light,  diverging  from  0,  pass  through  this  film,  the  ray  0  T'  B'  E' 
Bill  Bufier  greater  displacement  than  the  ray  0  T  E  E,  383 

which  makes  a  smaller   angle  with   the  perpendicular     p  K  u' 

OP,  If  R  E  and  E'  B'  are  extended  backward,  they 
will  croaa  tbe  aiis  or  perpendicular  at  tbe  points  X  anil 
T.  Tbis  separation  of  the  points  X  and  Y  is  eiacliy 
eimilar  to  tbe  spherical  aberration  of  a  concave  lens,  and 
is  therefore  called  negative  spherical  aberration.     Cbro- 

The  effect  observed  by  the  eye  in  !ucb  cases  is,  that  lines  are  not  so  sharply 
defined,  and  the  outline  of  an  objeot  appears  bordered  witb  broader  fringes,  with 
colors  of  the  secondary  spectrum  upon  the  bmders  of  tbe  object.     Tbese  errors 

posterior  oombinatioaa  of  the  compound  objective,  which  is  ftimjsbed  with  an 
wynsting  screw  for  this  purpose. 

511.  Tbe  compound  aoliioinatlc  microscope  is  composed  of  the 


triple  achromatic  objective,  A  M  P,  fig  389,  and  the  negative  eye-piece, 
formed  of  the  field-lens  F  F,  and  the  eye-lens  E  E. 

The  section  drawn  in  tbe  figure,  shows  how  the  light  Is  acted  upon  in  passing 
through  the  different  parts  of  the  instrument.  Pencils  of  rays  from  all  parts  of 
the  object,  1 1,  pass  through  the  compound  objective  A  M  P,  and  tend  to  form  a 
red  image  at  K  R,  and  a  violet  image  at  V  V,  the  object-glass  being  slightly 
over-corrected,  so  as  to  project  tbe  violet  rays  as  far  beyond  tbe  rod  as  may  bo 

The  oonverging  pencils  S,  C,  T,  being  intercepted  by  the  field-lens  F,  are  fore. 

images  vv,rr,  are  smaller,  nearer  together  than  V  V,  E  R,  and  curved  in  an 
opposiW  direction.  The  reversion  of  the  curvature  of  the  images  is  produced  by 
the  form  of  tbe  II  ild-leti^  which  meets  the  central  pencil,  C,  much  farther  fioii 
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the  imoges  V  V,  R  R,  than  where  it  meets  the  lateral  pencils  S  T ;  thna  the  focni 
of  the  ceDtral  pencil  is  more  ahortened  than  the  others.     The  Eeld-liins  of  ths 

bat  it  always  changes  the  form  of  the  images  so  as  to  iraprore  the  deliDitioti. 
The  violet  rajs  S  n,  T  n,  fall  upon  the  eje-iens  nearer  its  axis,  than  the  red  ra^a 
S  m,  T  Bi,  which  are  less  refrangible,  and  hence  the  eye-lens  counteracts  the 
divergence  of  the  oolored  rays  which  wore  separated  by  the  field-lens,  and  causes 
them  to  pass  to  the  eye  bo  nearly  parallel  that  they  appear  to  diverge  ftom  the 
same  point  of  the  virtual  image  S  T,  formed  at  the  distance  of  distinct  vision. 
The  distance  between  the  red  and  violet  images  rr,  vr,  is  just  equal  to  the  dif 
fercnoB  l>etween  the  red  and  violet  foci  of  the  lens,  and  these  images  being  curved 
just  enough  to  bring  every  part  into  eiact  foons  for  the  eye-lena,  the  eye  sees 
the  image  at  S'  T'  spread  out  in  ita  true  form  on  a  flat  field. 

By  means  of  this  beautiful  system  of  compensations,  for  the  varions  errors  of 
chromatio  and  spherical  aberration  and  ourvatnre  of  the  image,  which  interfere 

been  brought  fo  a  degree  of  perfection  unsurpassed  by  any  instrument  employed 
in  practical  physics. 

512.  Solid  eye-piece. — A  negative  eje-pieoe,  constraoted  of  a 
BiDgle  piece  of  glasa,  has  be^n  patented  by  Mr.  R,  B.  Tolles,  of  Canas- 
tota,  N.  y.  la  the  soiid  eje-pieee  there  is  much  less  loss  of  light 
by  reflection,  as  there  are  only  one-hnlf  as  many  refracting  surfaces 
as  in  the  ordinary  eye-piece.  The  image  is  of  course  formed  in  the 
substance  of  the  glass.  This  eye-piece  allows  the  use  of  a  higher 
magnifying  power  than  the  eje-piece  formed  of  two  lenses,  and  it  is 
thought  also  to  give  more  perfect  definition. 

513.  Viaaal  power  of  the  achromatic  microscope. — The  great 
distinction  between  the  telescope  and  the  microscope  consists  in  the 
fact  that  whik  the  former,  practically  speaking,  is  suited  to  receive 
parallel  rays  from  a  distant  object,  tJie  latter  has  to  dea!  with  rays 
which  diverge  from  a  closely  approximate  point.  On  this  account  the 
formula  for  visual  power  will  require  some  modification. 

Angular  aperture. — The  angular  breadth  of  the  cone  of  light  which 
a  microscope  receives  from  an  object,  and  transmits  to  the  eye,  is  called 
its  angular  aperture. 

llluminaling  power  in  the  microscope  depends  upon  the  square  of  the 
angular  aperture,  due  allowance  being  made  for  the  light  lost  in  iti 
passage  through  the  instrument. 

When  the  formula  for  visual  power  is  applied  to  the  microscope,  A  mntl  reyro. 
lent  the  angular  aperture  of  the  instrument  measured  In  degrees  ;  and  a  will 
represent  the  aagulat  breadth  of  a  cone  of  light  which  can  enter  the  pnpil  of 
the  eye  from  an  object  at  the  distance  of  distinct  vision  =  1°  very  nearly.  We 
shall  then  have : — 

Tit  pfB^lratins  patcsT  of  the  microscope,  P  =  A^/^;  or  the  penetrating 
■eotly  as  the  angular  aperture.     This  is  not  abaolntely  eorrocW 
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Lat  0  =  \/''i',  Bod  nesball  ha  to:— Tie  vitual  potctr  of  lb  e  microscope, 

Or  (since  tho  magoifying  power,  or  the  eje-pieco,  which  maj  bo  omplojed, 
varies  with  the  angular  aperture),  generallj  ;— 

TkK  n'j"a(yoin8r  o/  the  microscope  h  proporlioaul  to  the  iquaie  root  of  Ihe 
angalay  nptriure  o/  the  objecl-gla». 

Defining  pouier,  or  sharpaess  of  minnte  details  in  an  object  seen  by  rhe  micro- 
loope,  rafjuires  perfect  ccrrection  of  dirumatic  and  Ephencal  aterratioa 

Iq  hjr    !9il.  A,  B,  (.,  D,  show  the  auooesairo  appearance"  of  a  a,,ale  of  Nor- 

pAo  Menelaw,  by  regular  enlargements  of  tile  angular  aperture  ol  the  inioro- 

3  BO 


adjuBted  with  the  n 
The  stage  ildelf 


loved  freely  iu  any  liirection  by  a 
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A  mirror,  coi  cave  on  oae  side,  and  plnnc  Dii  (be  other,  ia  so  monntEii  betoir  tli« 
stage  as  to  illuminale  the  object  with  cither  pariilltl  or  converging  rajs. 

Polariiing  apparatus,  and  other  accQSiories,  are  fitted  to  the  stage,  and  to  tbo 
body  of  the  microseope. 

515.  The  magic  lantern  is  an  instrument  for  prnjeetiiig  upon  a 
screen,  images  of  transparent  pictures  painted  on  glass. 

nhicb  throws  the  light  upon  a  convei  lens.  A,  bj  which  it  is  elrongly  condensed 
392 


upon  the  object  painted 

tans,  E,  forms  an  image  ol  tn 

ita  oonjngale  focus.     The  picture  ia  placed  in  an  inverted  position,  to  produce 

ftn  erect  image  upon  the  screen. 

A  great  variety  of  objects  painted  on  glass  can  thus  be  eihibitr^  either  for 

equal  to  the  distance  of  the  Bcvcon  from  Ibe  lens,  B,  divided  by  tho  dislonoe  of 
the  lens  from  the  object. 

516.  The  solar  microi^cope  ia  a  species  of  magic  lantern  illumi- 
nated by  the  sun.  It  is,  ijowever,  much  more  perfect  in  its  structure, 
and  it  is  commonly  employed  for  viewing  on  a  screen  images  of  natural 
objects,  very  highly  magnified. 

The  structure  and  arrangement  of  the  solar  microscope  na  shown  in  fig.  SBl 
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of  tbfl  aun. 


ighe,  8,  tbtongli  the  condensing  lens.  A,  Into  the  mloioscope.  By  tnrn- 
V,  B,  the  mirroT  ma;  bo  aleiated  or  depreBSed,  and  b;  means  of  another 
can  be  rotated  on  the  axis  of  them 


imail  le 


ack  and  pi 


oiillad  h< 


C,  aerrea  to  condenee  the  light  upon  the  object  slide,  0.   The  alide  0,  which  carries 
the  object,  is  secured  between  the  braes  plates  K  K,  b;  the  Ecrena,  H  U. 

The  object,  etrongly  illuminated,  is  adjuatod  to  the  focua  of  the  amall  lena,  L 
[which  may  be  either  a  saiBll  globule  of  glaaa,  or  a  compound  achromatic  objec- 
iIto,  of  abort  focus),  and  an  image,  a  b,  greatly  enlarged,  formed  in  the  Qonjugata 
focua  of  the  lena,  ia  received  upon  a  white  soreen  placed  in  n  oonvenieDt  poaition. 
By  diminiahing  tbe  dietance  between  the  object  asd  the  leoa,  L,  tho  conjagate 
focus  will  be  more  diataut,  the  acreen  may  bo  placed  farther  from  the  lena,  and 
the  magnifying  power  will  be  prcpcrtionally  enlarged. 

Instead  of  employing  the  light  of  the  sun,  the  aolar  microacope  may  be  illu- 
minated by  the  electric,  or  by  the  oiyhydrogen  light. 

517.  The  camera  obscuta  consista  of  a  dark  chamber  in  wbicb 
images  of  external  objects  are  formed  b;  the  aid  of  a  mirror,  aad  a 
concave  lens.     Tbis  iaBtriimeut  affords  a  con-  391 

nient  method  of  aketobing  natural  scenery. 

A  plane  mirror,  in,  fig.  394,  plaoed  at  an  angle  of 
h  the  borisOB,  reflects  the  light  &oi, 


erging  lens,  placed  ii 


dark  chamber.    A  aheet  of  paper  placed  on  the  table 

/fli 

HH 

in  fhs  focus  of  the  lena,  receivea  the  image  of  a  land- 

acapn  or  other  object,  which  can  be  traced  with  a 

I^Bi 

pencil  by  the  artist,  sitting,  as  ahown  in  the  figure. 

HH 

with  his  head  and  shoulders  protected  f>om  eitra- 

neous  light  by  a  dark  curtain.                                               . 

J^^H 

^H 

The  student  ean  oaeily  prepare  an  instroment  of     M 

HH 

this  kind,  by  inserting  a  spectacle  glass  in  an  ori-    |B 

HH 

fice  in  the  top  of  a  boi  about  two  feet  high,  and  /H 

wppi 

^sat. 

placing  a  common  mirror   at  the   required  angle  MH 

above  it     The  paper  on  the  table  can  be  placed  on  MR 

a  drawiflg-boMd,  and  Eied  at  such  a  distance  il-om»"^ 

the  lens  as  givea  the  most  distinct  image.     A  cloak  thro 

he  8ida  ot  th« 

boi  where  the  observer  sits,  will  darken  the  chamber  so  s 

lit  .lietches  to 

be  made  with  great  facility. 

Instead  of  the  mirror  and  lens  shown  in  fig.  394,  a  re^ 

tfk 

lar  prism  is  ofl«n  uaed  as  a  relloclor,  and  if  one  side  of  the 

R 

ia  ground  in  the  form  of  a  lens,  the  two  parts  of  the  instr 

ument 

^U 

are  combined  in  one. 

W 

51S.  Wollaston's  camera  lucida  ia  another  initrn 

V^ 

nent  used  fur  akeWhing  from  nature.  It  conaiste  f  a 
irism,  abed,  fig.  395,  of  which  the  angle,  6,  is  a  right 
mgle,  the  angle,  d,  is  135°,  and  the  angles  at  a  and  c 
tre  each  67  i°. 

It  ia  mounted  on  a  auitable  Etand,  and  the  eye,  P  P',  placi 
IS  shown  in  the  ligu-e,  sees  the  image  of  a  dUtuit  object  aa  though  projected 
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opon  tho  paper  M  S,  where  the  outlino  may  bo  traced  bj 

the  pencil  1 

Beeing  tho  image  nod  tho  pencil  at  the  same  time.     The 

light  from 

object  entering  the  prism  nearly  at  right  angles  with  the  fi 

ice,  fte,  tw 

,  when  it  1 

eje,  and  appears  aa  if  coming  from  the  paper,  MN.     The  i 

mage  proje 

the  paper  ia  as  much  smaller  than  the  object  as  its  distau 

ice  from  th, 

lesa  than  the  diataace  of  tho  object.     The  image  can  be  i 

rtqulred  dimensiona  by  varying  the  relative  distances  of 

the  papei 

object.     This  instrument  ia  pciaoipally  employed  by  artist 

3  for  sketob 

A  number  of  other  forms  of  oamera  luoida  are  employed  to  suit  different  piir- 
poaea,  but  ia  all  of  them,  either  the  object,  or  the  pencil  and  paper,  are  vienad 
by  reflected  light,  made  to  coincide  in  direction  with  the  direct  light. 

519,  PhotOBraphy  is  the  art  of  producing  pictures  by  the  chemical 
action  of  light.  The  daguerreotype,  ainbrotype,  erystaliotype,  and 
photo-lithograph,  are  all  produced  by  modified  applications  of  the 
camera  obaeura.  Instead  of  the  plain  paper  and  pencil  used  by  the 
artist  for  sketching  with  the  camera,  a  surface  of  silver  or  collodion, 
made  SEnaitive  by  iodine,  bromine,  or  some  other  chemical  preparation, 
is  placed  in  the  camera  and  subjected  to  tho  action  of  the  light  of  the 
image  projected  there  by  the  lei 

A  camera  employed  for  photogri 

also  that  the  ehomieal  rays  shall  hi 

at  a  well-deBned  distance  from  them.  As  ohjeP 
copied  by  photography  are  seldom  flat,  the  objoi 

as  not  only  to  give  perfect  delinidoB  of  all  objee 
situated  in  the  focal  plane,  but  also  it  should  be  adapted  to  give  tolerably  good 
definition  of  parts  of  an  object  that  are  situated  a  little  anterior  or  posterior  to 
the  focal  plane. 

Tho  usual  form  of  the  camera  employed  in  photography,  is  shown  in  fig.  396. 
The  achromatic  compound  leoa.  A,  is  attached  to  the  box,  C,  and  can  be  moved 
backwards  or  forwards  by  turning  tho  milled  head,  D.  The  second  box,  B, 
slides  within  the  firat,  A  plate  of  ground  glass  set  in  the  frame,  E,  is  inserted 
in  B,  add  when  the  focus  is  so  adjusted  as  to  give  a  perfect  image  on  the  gronnd 
gloss,  this  is  removed,  and  the  sensitive  plate  covered  by  a  dark  screen  is  insetted 
in  its  place.  The  dark  screen  is  then  removed,  and  the  light  produces  a  chemi- 
cal change  where  the  image  is  projected.     Thia  image  is  theu  made  permaaeut 

520.  Railway  illumination. — For  illuminating  railroads,  it  is 
important  to  h  vr  up  n  the  track  a  powerful  beam  of  light,  consisting 
of  rays  nea  ly  pa  allel  When  the  track  is  thus  illuminated,  objecta 
upon  it  are  m  e  ead  ly  d  tinguished  by  contrast  with  surrounding 
darkness ;  t  8  the  f  e  de  irable  to  limit  the  light  to  the  immediate 
riciaity  of  the  t  aok 

The  comm  n  m    h  d    f    ff       ng  this  object  ia  to  place  an  Argind  lamp  in 
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(he  focns  of  n,  large  purnbolio  ' 
Tha  light  ia  thus  thrown  fori 
produced  bj  Ustt  radiated  dir 


OPTICS. 

fleolor  (S25),  situated  in  froJ 
id  in  parallel  lines,  and  the 
!tlj  from  the  lomi)  ja  compa 


521    The  Presnel  lens  a  secti  n  of  which  is  ah  nn  at  o  iff,  fig. 
39"   18  als)  employed  f  r  pr  jc  tmg  a  [  owerfu!  beam  of  )  arallel  light 


3« 


tanoe      This  form  of  lens    inv(-i  tei 

first    applied    to    praotii-al    purp  ^i 

Frcanel  oonaiBta  of  %  central  plar 

lens    surrounded    by    sogmeiitarj    i 

with  curvatures  suocessivelj  dimini  hing 

na   much    as   is   necessary   to  avo  d   the 

spherical  aberrat  on  of  a  amgle  lens    tl  e 

central  lens,  and  all   the   angular  segiiients  having  their  curvea   so 

adjusted  as  to  have  a  oommon  focus. 

The  Bflgmentarj  rings  are  sometimes  made  entire,  but  generallj,  when  the 

and  lateral  segmente  ore  all  cemented  to  a  plate  of  glaea,  B3  shown  in  the  figure. 
For  most  purpoaes,  whore  the  FreBnol  lens  is  employed,  it  lE  necessary  to  gite 
the  illuminating  beam  of  light  a  slight  degree  of  diTergcnce.  It  will  he  easily 
seen  from  the  figure,  that  if  the  centre  of  the  lamp  is  placed  at  the  principal 
focus  of  the  lena,  F,  the  divergence  of  tho  beam,  after  passing  the  lena,  will  be 
equal  to  the  angle  i  A  i,  which  the  flame  of  the  lamp  subtends  a( 
the  !ene.  A  concave  mirror  ie  alao  placed  behind  tlie  lamp,  to 
the  light  in  a  condition  to  be  refracted  nearly  parallel  by  the  lens  in  front  of  the 
lamp.  A  much  mora  brilliant  beam  of  light  is  obtained  tn  this  manner  thui  b? 
the  paroholic  reflectors  alone.     This  lens  ia  i 

522.  Sea-lJghta,  designed  as  bea«oiia  to  th 
ous  coasts,  or  for  lighting  harbors,  are  usually 
light-houses.     The  great  elevation  of  the  light 
permits  it  to  he  seen  far  out  at  sea.  It  is  evident 
that  all   light   thrown  oat  above  or  belovf  the 
plane  of  the  horizon,   is  of  no  avail  to  the 


0  used  In   France 


By  a. 


ingenious  application  of  the  principles  of  the 
lens,  a  sheet  of  light  is  thrown  out  in  every 
plane  of  the  horizon.     If  fig.  398  Is 


eyolred  a 

,sis,  it  will   genera 

i-rttntt  filed  light. 


Above  and  beloH 


erefore  so  act  npoa  the  light  of  a  lamp 
et  of  light  in  every  direction  in  the  plane 
e  central  zone,  are  series  of  triaogaUi 
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hoopB.    A  seclio 

of  one  of  these  hoops,  and  its  ar^tbn 

npon  light  r 

dialing 

from  tbe  central 

amp,  is  shown  In  fig.  399  ;  A  C  and  B  C 

»re  plane  fac 

AB  ia  a  convex 

urfacB.     Light  from  the  fotua,  E, 

399 

IB  refra*tfld  on  e 

the  flurlaoe  AB,  and   a  Beyond     ^^ 

total  leaection  h 

W.. 

rerrdotion  at  A  C 

tiom  whn,h  it  emerges  ra  linaa            i 

W%>^ 

parallol  to  the  h^ 

acb  pn^matio   hoop   is   oaiefully 

3^Ss2:;_ 

calenlaled  for  th 

place   it  la  to  occupy,  -0  that 

every  part  of  th 

apparatus  throws  out  tho  light 

a  tho  conit  from  another  t 


\ 


(hat  faUa  upi 

523.  HeTolving   lights— To   distinguish 
one  lighthouao 
Fresnel   light 
■teadj  light,  and  ahu  ceyohing  flashes  of  light  af  very  great  latcnaity. 

In  ths  revolving  Fresnel  light,  the  triangu  ar  400 

are  the  same  as  for  the  fixed  light,  but  the  ee 
loue  is  made  of  eight  Fresnel  lenses,  &g  10( 
as  shown  in  the  lover  part  of  figure.     The  u 

oanlral  lone.  While  the  entire  apparatus  rev< 
at  shown  by  tbo  direction  of  the  arrows,  eac 
the  eight  lenE 


to  increase  to  verv  great  brilliance  and  then 
fade  away  to  mULh  less  than  half  its  maximi 
intensity,  after  which    it   again  inei 


plan  of  a  revolving  Fi 


,  fi^ed  n  the  tower  of 
1  in  fig  400  nh  eh  p  0  1  ce  the  fiasht 
0  rovi  ve  by  means  of  he  ok  wor 
;ht  P.  Tho  bao  ny  ui 
re,  also  the  stairs  leadir 
A  dome,  supported  on  iron  ftwue-worfc,  protects  the  illumiuati 
The  distance  at  which  the  light  cud  be  seen  vriil  depend  upon  the 
tower  in  which  il  is  placed. 


lighthouse.     At  A  B 

of  light     The  whole  apparatus  is  ma. 

shown  at  M,  which  is  moved  by  the  i 


light 
jt  the 


The  wicks  are  defended  from  the  exeeasive  heat  of  their  united  fli 
mperabundant  supply  of  oil,  which  is  thrown  np  from  below  by  a  ol 
movement,  and  constantly  overflows  the  wicUs.  A  very  tall  chimney  ii 
to  supply  a  sufficiently  strong  current  of  air  to  support  the  eombust'on. 

it  eonsists.  are  varied  to  suit  the  purposes  for  whieh  it  is  used ;  the  ufih 
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laity  from  twenty-fiTe 


S24.  '  —The  image  upon  the  retina  of  every 

human  eye  represents  a  perspectiTe  projection  of  the  objects  situated 
in  the  field  of  view.  As  the  positions  from  whiih  these  projections  ara 
taken  are  somewhat  different  tor  the  two  eyes  of  the  same  individual, 
the  perspective  images  them<<elves  are  not  identical,  and  we  make  use 
of  their  difference  to  obtain  an  idea  of  the  distances  from  the  eye  of  the 
differeat  objects  in  the  field  of  view. 

The  images  of  the  same  object  on  the  two  retinfe  are  more  different 
from  each  other  as  the  object  is  brought  nearer  to  the  eyes.  In  the 
«asc  of  very  distant  objecta,  the  difference  between  the  pictures  on  th* 
34 
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retinse  of  the  two  ejea  becomes  imperceptible,  and  we  Use  the  wd  just 
spoken  of  in  estimating  their  distaaoe  and  bodily  figure. 

The  teleatereosoope  is  an  instrument  which  oausea  distant  objects  U» 
appear  in  relief.     It  iacreasea  the  binocular  parallax  of  distant  objec 


and  by  presenting  to  each  eye 
distance  between  the  two  eyes 
appearance  of  relief,  as  if  the 
obJBota  were  brought  near  to 
the  obserrer. 

Lei  b  and  6',  fig.  402,  bo  two 


would  be  obtained  if  the 
greatly  increased,  it  gives  the  samn 


45"  n 


(»  pla, 


and  c' 


1  the  li 


pi. 

let  d  and  d'  represent  the  poEition  of  the 
that  the  liElit  fro™  distant  object*  fallinj 
and  a'  b',  will  be  reflected  to  the  small 
refieoted  to  the  eyes  at  d  and  d'.  The  t 
be  the  same  a*  if  the  ejea  were  separate 
with  which  objeate  will  be  seen  by 


must  a: 


the  dist 


•,ebb'6 


xeds  t 


by  the  two  eyes,  the  visual  angle  . 

mdaf  which  each  ohjeot  is  seen  remaina  un- 

ohanged, and  hence,  as  the  apparet 

it  distance  of  the  objecta  ie  diminished,  their 

IB  same  proportjon.     If  the  small  mirrors  are 

made  to  rotate  on  petpendicnlar  i 

ises,  while  the  large  mirrors  are  fiied,  the 

distortion  of  figure  maj-  be  easily  i 

objects  appear  in  their  true  propor 

tions. 

e  inserted  in  the  instrument,  the  convex  field- 

glasses  being  insortod  at/ and/,  1 

letween  Ibe  large  and  small  mirrors,  and  the 

If  the  glasses 
lirrura  exceeds 
t  due  propor- 
ba  as  thoagh 


objects  then 

used  in  the  < 
and  the  eBe< 


525.  The  steieoacope  (from  /rrepeo^,  solid,  and  atujiiio,  to  see)  is 
an  instrument  so  constructed  that  two  flat  pictures,  taken  under  certain 
conditions,  shall  appear  to  form  a  single  solid  or  projecting  body. 

In  order  to  produce  tliis  illusion,  different  images  as  observed  by  the 
two  eyes  (484)  must  be  depicted  on  the  respective  retinse,  and  yet 
appear  to  have  emanated  from  one  and  the  same  object.  Two  pictures 
are  therefore  taken  from  the  really  projecting  or  solid  body,  the  one  as 
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obBerved  by  the  right  eye  only,  and  the  other  as  seen  by  the  lert. 
These  pictures  are  then  placed  in  tlie  box  of  the  stereoscope,  which  ia 
furnished  with  two  eye-piecea,  containing  lenses  so  constructed  that  the 
rays  proceeding  from  the  respective  pieturea,  to  the  corresponding  eye- 
pieces, shall  be  refracted  or  bent  outward,  at  such  an  angle  as  each  set 
of  rays  would  have  formed  bad  they  proceeded  from  a  single  picture  in 
the  centre  of  the  boi  to  the  respective  eyes  without  the  intervention 
uf  the  lenses. 

It  is  an  axiom  in  optics  that  the  mind  always  refers  the  situntion  of 
an  object  to  the  direction  from  which  the  raya  appear  to  proceed  when 
they  enter  the  ejea ;  bith  pictures  will  therefore  appear  to  have 
emanated  from  one  central  object.  As  one  picture  represents  the  real 
or  projecting  object  as  seen  by  the  right  eye,  and  the  other  as  observed 
by  the  left,  though  appearing  by  refraction  to  have  both  proceeded  from 
the  same  object,  the  senaation  conveyed  to  the  mind,  and  the  judgment 
formed  thereon,  will  be  precisely  the  same  as  if  both  images  were 
derived  from  one  solid  or  projecting  body,  instead  of  from  two  pictures. 
Consequently  the  two  pictures  will  appear  to  be  converted  into  one 
solid  body.  403 


Iftwopictare 
and  B,  Eg.  403, 

tho   Btoreoscope 
tbe  observer  the 
hadron.  instead 

raal  objects. 

a  of  an  octahedron,  fls  A 
uab  as  would  be  formed 

fig.  Mi,  thej  give  io 
idea  of  a  real  solid  octft- 
of  the  ordinary  pietorB 
poailiona,  wbes  viewed  i 

X 

X 

X 

C.     Pbot 

E 

1 

apbs  of  na 
aent,  appea 

be  readily 

r" 

ral  scenery 
a  relief  lik 

deratood  bj 

racting  face  of  tbe  iirism.     Fig.  406  Aovi 
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•Aioii  of  tlie  etereosciipe,  tbe  ei 


.liin  edges  I 


Let 


i'  B',  beinj-  pUted 

eoscopic  photogm-phfl 
■a  of  light,  diverging  from  the  point  P,  fall- 
,and  by  tlie 


and  ei 


a  the  same  manner  tbe  m 


□  (ba 


upon  each  otber^  and  &>getber  produce  tbe  appoaranee  of  n 
etcreoseope  is  so  mucb  admired. 

Tbe  ecueotric  lenses  of  tbe  slereoseope  are  sometimes  fiif 
tbej  are  often  inserted  in  tubes,  as  in  fig.  40*,  which  enn  be 
the  focus  to  different  eyes,  or  separated  to  a  greater  or  less  d. 
diatauce  between  the  eyes  of  diSeroct  porsons. 

If  stereoscopic  photographs  are  (alien  from  positions  too 
from  each  other,  objects  stand  out  with  a  boldnesB  of  relief 
niitural,  and  tbe  objects  appear  like  rery  reduced  models.    In  i 


ouping  and 
re  admitted 


526.  Tbe  stereomonos cope  (described  bj  Mr.  Ciaudet,  of  London) 
is  an  instrunient  b;  which  a  single  image  is  made  to  present  the 
appearance  of  relief  commonly  seen  in  the  stereoscope,  and  by  means 
of  which  several  individuals   can   observe  these  effects  at  the  same 


Let  A,  fig.  40T,  be  on  object  placed  before  a  large  couveE  len 
of  tbe  object  will  be  formed  at  a,  In  the  oanjugate  foeus  of  the 
I  the  rays  of 


i,  L,  ai 


light  wUl  diverge  as  from                           j. 

^ 

a  real  object,  «bich  will                 ^y^^^^i^ 

£^^ 

^^, 

pended  in  the  air.     If  a  screen  of  ground  gleas  is  placed  at  S  S,  tbe 

mage  will 

appear  spread  out  upon  the  glass,  but  it  nill  appear  with  all  tbe 

relief  of  a  real  object.     An  image  thus  formed  on  ground  glass  can  b 

seen  only 

on  paper,  wbici  radiates  tbe  light  in  all  directions,  and  ia  hence  in 

capable  of 
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llie  Btereomonosoope 


BS. 

Tbo 

gb    Cho 

two 

etheiriD.age! 

luper 

donthos 

part 

iirtur 

taa  be 

only  bj  the 

Bjs  proc 

ingf 

omth 

photog 

«ph 

bjw 

ichit 

waa  form 

ed. 

on  of 

the  raya 

oming  from  th 

otb 

ioope 

and 

everal  pe 

I  T.  Physical  Optics. 

I.     INTERFEKENCE,  DlFFRACTl 

527,  Interference  of  liett. — The  interference  of  vibrations  and 
vrikTes,  has  been  already  alluded  to  in  the  theory  of  undulations  (328, 
333),  but  the  phenomena  of  luniinouB  interference  require  some  furUier 
special  eon  si  deration. 

Let  A  B,  B  C,  fig.  *09,  be  two  plane  mirrors,  making  wltli  eacb  otter  a  very 
■  D") ;  let  a  beam  of  sunlight,  entering  a  dark  room  by 
408 


use  angle  (very  near  ISO") ; 

tabeamof«unlight,en 

mall  opening,  be  broaght  to  a 

ens  by  a  lens,  L; 

hia  light,  diverging  from  a  fo 

na.  F.  is  allowed 

■all  lery  obliquely  upon  the 

two  mirrors,  aa 

wn  in  the  figure,  it  will  he  refl 

ct*d  as  if  diverg 

OTory  point  in  the 

11  be  equally 

islant 

Lj^*^ 

■^ 

from  the  luminoug 

poin 

sM 

nd  N  i  the  wa 

yes  of 

^ 

light  which  croBS 

aeb 

P,  will 

^ 

therefore  be  in  th 

eph 

ise  of  vibratio 

n,  and 

^ 

consequently  prod 

line 

of  light  of 

double 

x~^ 

^ 

intensity.     Let  the 

thoi 

onlar  arcs  ref 

resent 

V-ii^:^ 

thepbaBBSofelsva 

n  wh 

andt 

dotted  arc  cr 

phases 

-^^^^ 

-?5 

3^ 

^:rj 

.mooth  arc,  the  tw 

t  efl,.h  other  and 

rod 

«e  darknesB 

The  open  dots  rep 

tions  meeting 

in  the 

d  th 

black 

dots  represent  tib 

ing  in  op  DOS 

ephas 

B  whiih  prod 

CBda 

The  symmetrical  c 

formed  by  the  inter 

eetion 

of  light  fr 

m  the  two 

M  and  N,  on  both 

sides 

of  th 

central  line, 

omctry 

as  hyperbolas. 

Tbo  distance  on 

each 

aideo 

f  the  line  B  P 

the  Inmin 

will  be 

t«d  by 

the 

will  deijeu 

OB  the  inter 

al  betH 

een  them, 

h  is  different 

for  different  colors 

for 

rod,  it  is  half  as  mu 

ch  aga 

n  as  for  V 

olet 

light 

henoB 
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the  dLstaace  belneea  tlia  oni 

■ves  of  double  intensitj 

greatest  for  red,  and  inlermt 

idiale  for  the  other  col 

while  all  the  colors  are  unite 

,d  in  the  central  line  B 

the  other  bars,  and  form  a  s< 

jries  of  colored  fringes. 

metrically  on  each  side 

Half  way  between  f 

place  of  complete  disco 

iB  t  an  interval,  or  g, 

&                ao 

there  would  be  complet 

B 

accordance,  there  woah 

benco  there  would  be  bi 

except  the  central  bars,  whei 

It  difitanoes  between  tl 

the  lengths  of  luminous  wa 

,T6S  of  different  colors 

in  very  accurately 

528.  Facts  at  variance  with  theory. — When  the  atmosphnre  is 
free  from  clouds,  and  the  sunlight  is  brightest,  the  ceTttrat  har  (which, 
accoraing  to  theory,  should  be  briyhi)  is  found  to  be  a  black  one,  what- 
eyer  be  the  material  of  which  the  mirrors  are  composed.  But  when 
the  sun  is  near  setting,  the  central  bar  has  been  seen  andoDbtedlj  a 
bright  one.  It  has  also  been  seen  as  a  bright  bar  when  the  luminous 
point  was  formed  at  a  hole  in  a  thin  plate  of  metal,  and  the  light  which 
had  grazed  the  edge  of  the  hole  was  used. 

The  eilstence  of  a  oentral  bla-^k  bar,  in  normal  circumstances,  where  tha 

the  undulatory  theory  of  light. 

It  appears  that  light  is  so  modified  in  passing  through  baze,  or  at  an  opaqns 
Bdge  of  a  small  bole,  as  to  acquire  an  anairapy  or  inversion  of  properties.* 

529.  Intetference  colors  of  thin  plates  are  seen  in  thin  Sims  of 
varnish,  cracks  in  glass,  films  of  mica,  various  crystals,  and  in  other 
transparent  substances,  as  in  soap  bubbles.  The  colors  of  such  thin 
films  are  due  to  the  interference  of  light  twice  reflected  by  the  surfaces 
of  the  film. 

Two  surfaces  of  gla^s,  pressed  together,  furnish  s  thm  plate  of  air  between 


insparent  film,  such  as  a  thin  blown  bulb  of   si. 
!,  or  a  aoap  bubble;  let  S  A  B  T  he  the  trans-      "^Sf 

.il  rat,    S  4  n   Iho  nif  roRoMoA    .f  Ilio  Aral.  our.  '     X  ^_t-i 


vitted  ray,  S  A  B  the  ray  ref 
fane,  S  A  B  A'  B'  the  portion  reflected   from 
■econd  surface,  and  emergent  at  the  first  suri 
S  A  B  jI  '  B'  T'  the  portion  emerging  from  the  ee( 


r  A'  R'  will  be  retarded  behind  the  i 
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laoreased  leDgtb  of  puth  it  bs9  to  traTel  in  tniae  travereing  the  film,  u  d  B'  T' 
*iU,  in  a  similar  manner,  fall  taefaisd  tbe  rn;  B  T,  b;  tbe  intorral  p  q.  If  tbese 
letacdationa  eqnal  the  interval  of  an  odd  nnmber  of  half  TibFations,  tbey  nill 
Inlerfere,  as  tbej  originated  frum  a  oommon  wave,  in  the  raj  S  A.  The  refleotad 
taj!  do  not  differ  greatly  in  intonaily,  which  is  for  each  abont  one -thirtieth  that 
of  tbe  incident  light  for  gla»s,  and  therefore  their  interfereace  prodnces  black- 
ness where  they  destroy  each  other.     The  transmitted  light  has  the  prineipal 

thirtietb  part  by  reflection  at  each  of  the  points  A  and  B ;  bnt  the  intensity  ot 
tbe  twice  reflected  beam  which  interferes  nitb  it  is  about  one-tbirticth  of  one- 
thirtieth,  or  one  nine-hundredth  of  that  of  the  incident  beam ;  hence  the  differ- 
ence of  the  intensities  of  the  bright  sad  darb  bands  formed  by  transmitted  lighl 
is  never  as  great  as  in  tbe  reflected  beams.  But  tbe  difference  between  the 
bright  and  dark  bands  is  different  for  different  colors  of  the  spectrum,  b«ing 
least  for  violet  lights  and  greatest  for  red.  This  fact  is  thought  to  be  contrary 
to  what  should  have  been  expected,  according  to  the  undnlatory  ibeory. 

530.  Newtou'8  rings. — If  a  plane  plate  of  polished  glass  is  pressed 
agaiuBt  a  plaDO-conveE  tens  whose  radius  of  curvature  is  known,  the 
iuterferenee  bauds  become  colored  rings,  and  the  esact  thickness  of  the 
film  of  air  by  which  each  color  is  produced  is  easily  estimated. 

Tbe  form  of  this  apparatus  is  thown  in  fig.  4 
of  the  figure  are  similar  to  the  precediug.     V 

by  reflected  light,  and  bright  by  tri 
The  thickness  of  tbe  film  of  uir  where  the  fi 
color  appears^  is  equal  to  one-half  th 
producing  that  color;  hence  the  length  of  th 
or  vibration,  fof  any  color,  is  estimated  aj 
(o  twice  tbe  tbickneee  of  the  film  uf  air  <th 
color  appears.     The  colors  succeed  eiwh  other 

I     d        them.     A  second,  third,  and  fonrib  series  of  colored  rings  will  bo 

f       d    where  the  thickness  of  the  film  is  an  eiact  mnltiple  of  the  thicknesB 

i       d  to  prodnce  tbe  first  series  of  colors      Tbe  distance  between  tbe  first  and 

d        les  depends  on  tbe  rapidity  with  which   tbe  thickness  of  the  fllm 

as         In  the  case  of  a  lens  pressed  against  a  plate  of  glass,  tbe  distsuoe 

b  tw        the  glasses,  or  the  thickness  of  tbe  fllm,  increases  as  tbe  square  of  the 

d    U        f  ora  the  centre.     Tbe  diameters  of  tbe  bright  rings  will  therefore  be  as 

tb      q     re  roots  of  the  numbers  1,  2,  S,  Ac,  and  tbe  diameters  of  the  dark  rings 

wmbeaathesquarerootsoftbennmbersU,  2J,  3i,  Ac.     Tbe  distance  between 

successive  rings  of  violet  will  be  much  less  than  the  distance  between  successive 

rings  of  red;  one  series  of  colors  will  therefore  overlap  some  of  tbe  colors  in 

the  succeeding  series  of  colored  images,  and  by  their  admiiture  produce  colors. 


531.  Iiength  of  lumiaous  waves  or  vibraUona.— By  such  means 
aa  we  have  described,  the  lengths  of  the  vibrations  required  to  produce 
dilferent  colore  have  been  estimated. 
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suits  wbich  hSiVe  been  ladniwd 
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532.  Di&action. — If  a,  razor  is  held  with  its  flat  surface  towards 
the  rajs  of  the  bud,  the  rays  that  pass  in  close  proiimity,  both  to  the 
edge  and  to  the  back  will  be  deflected  as  ^hown  in  flg.  412.  A  portion 
of  the  rajs  are  defltcted  outwards  appearing  to  sufler  reflection  ;  the 
back  of  the  razor  deflecting  the  rays  outward  more  than  the  sharp 
edge     but  the  edge  of  the  razor  deflect-i  41S 

more  light  into  the  place  of  the  geometn 
cal  shad  w  than  is  defletted  inwards  Vy 
the  back  of  the  instrument  These  difler 
oncBH  are  represented  by  the  oliseness 
of  the  lines  drawn  to  represent  the  riys 
where  the  greatest  amount  of  light  is  de 
fleeted.  If  the  body  intflrptised  is  nan 
like  a  fine  needle  or  a  hair,  the  rays  de-  ;- 
fleeted  inwards  cross  ea<;h  other,  and  pro-  - 
duoe  the  phenomena  of  interferente  in 
accordance  with  the  undulatory  theory.  The  rays  deflected  outward 
produce  interference  with  the  rays  not  deflected,  but  bright  lines  appeat 
where  the  undulatory  theory  would  give  dark  lines.  All  the  bright 
and  dark  lines  are  bordered  with  colured  fringes,  as  in  ordinary  cases 
,if  interference.     These  phenomena  are  best  seen  in  a  dark  room  by 
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looking  through  an  eye-leas  at  a  hair  or  needle,  at  a  coDsiderahle  dis- 
tanee  from  a  lamp,  or  b;  looking  at  a  beam  of  sunlight  admitted  to  a 
dark  r.iom  between  two  sliarp  parallel  edges.  The  rajs  that  have  been 
diffracted  or  bent  into  the  geometrical  shadow,  are  not  as  readil; 
deflected  again  in  the  same  direction,  but  are  more  easily  deflected  i« 
the  opposite  direction  than  rays  which  have  undergone  no  such  pre 
vious  change. 

533.  Fluorescence. — Epipdlio  diepeision. — Certain  bodies,  as 
fluor-spar,  glass  colored  yellow  by  oxide  of  uranium,  called  canary 
giaaa,  solution  of  sulphate  <if  quinine,  infusion  of  the  bark  of  the  horse- 
chestnut,  and  many  other  vegetable  infusions,  possess  the  remarkable 
property  of  so  dispersing  soma  part  of  the  light  passing  through  tham, 
that  the  course  of  the  luminous  rays  becomes  visible. 

These  phenomena  are  best  exhibited  bj  bringing  a.  pencil  of  light  to  a  focua 
in  the  interior  of  an;  of  these  subetances,  by  meani  of  a  oouvei  lens,  when  the 
course  of  tlje  r»js  will  become  visible,  as  though  the  portion  through  which  the 
light  passed  had  become  self-luminous.  The  rajs  of  light  of  high  refVangibility, 
especially  the  violet  and  the  Inrisihle  chemical  rays,  are  Bubjeet  to  this  kind  of 
dispersion,  theit  refrBngibilily  is  at  the  same  time  changed,  and  probably  the 
length  of  their  luminous  wares  is  increased,  so  that  rajs  previously  invisible 
may  be  seen  by  the  oye.  These  phenomena  have  been  called  by  various  names, 
as  internal  dispersion,  epipolic  dispersion,  and  fluoresoeDce.  The  latter  term, 
derived  from  Buor-spar,  and  adopted  by  Mr.  Stokes,  is  considered  the  mora 

This  change  of  the  refrangihility  and  length  of  luminous  waves  is  anala- 

echoes  q  355). 

534.  Fhosphoiescence. — Certain  bodies  after  being  esposed  to  the 
action  of  light,  acquire  the  property  of  shining  in  the  dark  (399).  The 
most  remarkable  phosphorescent  bodies  are  the  sulphurets  of  binum 
strontium  and  calcium,  some  kinds  of  diamonds,  most  varieties  of 
fluoride  of  calcioin,  particularly  the  variety  known  as  chlorophane, 
compounds  of  lime,  magnesia,  soda  and  potash,  salammoniat  sud-inio 
andoxalicacids,  borax,  dried  paper,  silk,  sugar,  sugar  of  milk  teeth  &c 

The  time  during  which  these  bodies  emit  light  varies  from  a  fraction 
df  a  second  to  several  hours,  and  the  intensity  of  the  emitted  light 

TheBtndy  of  these  phenomena  requires  the  use  of  delicate  apparatus  adajted 
1.  The  more  refrorgible  rays  of  the  spectrum  in  general  act  more  powerfully 


rays  beyond  the  violet 

•t.  The  least  refran] 

phoaphotescence,  but  i 

vhei  mixed  with  then 
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with  an  amplitude  and  wave  length  nhioh  depend  not  only  on  the  chemical  con- 
stitution of  the  body  but  also  on  its  pbysica!  condition.* 

535.  Colon  of  grooved  plates. — Fine  lines  engraved  upon  polished 
steel,  and  lines  drawn  upon  glasa  with  a  diamond  point,  if  sufficiently  near 
Wgether,  cause  a  beautiful  iridescence  by  the  interference  of  light  re- 
flected from  such  surfaces.  Thebeautifulplay  of  colors  seen  upon  mother 
of  pearl  ia  cauaed  by  the  delicate  veins  with  which  the  surface  is  covered. 

536,  The  rainbow  is  one  of  the  most  wonderful  and  beautiful  pheniv- 
mena  in  nature.     In  it  reSec-  413 

tion,  refraction,  dispersion,  and 

interference   of   light,   are   aL 

combined.     It  is  seen  in  tha 

part  of  the  heavens  opposite  t( 

the  sun,  when  the  sun  is  lesi 

than  fortj-two   degrees   above  ^ 

the   horizon.     The  shadow  of    ■ 

the   eye  of  the   observer   will 

always  point  to  the  centre  of  ~ 

the  circle  of  which  the  rainbow 

forms  a  part;  hence,  as  the  sun  descends  near  the  horizon,  the  rainbow 

•  Bdiiond  Beoquerel,  BiVioiheque  Univiyidh,  vol.  XVI.  p.  21. 
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tiies  higher,  and  as  the  squ  a^ceuds  the  mnrniag  Rkj,  the  height  of  the 
ruDbow  dlminishea. 

To  uaderstand  the  formation  of  the  rainbow,  we  must  first  ejtamine  the  aoficn 
of  a  single  drop  of  water  upon  parallel  rays  of  light.  Let  the  circle,  3g.  4L3, 
rspreBent  a  drop  of  wator,  and  S  A,  S  B,  Ac,  parallel  rays  of  light  falling  upon 
it.  The  ra;  S  A,  which  falls  pBrpendiculnrlj  upon  the  drop,  will  suffer  no  devia- 
tion in  its  direction,  but  will  be  partially  reflected  backward  in  the  lino  of  inci- 
deaoe,  though  it  will  prinoipall;  pass  through  the  drop.  The  ray  Sa,  will  ba 
rBtrneled  to  b,  where  it  will  be  refleoted  to  c,  and  will  emerge  in  the  direction  c  rf, 
making  a  certain  angle  with  the  direotian  of  the  original  ra;  S  a.    As  the  disCanoe 

with  the  incident  ray,  till  we  arrive  at  B,  where  two  suceesaivo  rays  will  emerge 
parallel,  aa  shown  by  the  heavy  line,  &Bgcp,  which  deviates  more  from  the 
direction  A  S,  than  any  ray  ini^ident  at  a  greater  or  less  distance  from  A.  As 
we  proceed  from  A,  towards  C,  the  deviation  of  the  emergent  ray  will  diminish, 
and  every  ray  between  B  and  C  will  emerj 
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frum  which  the  light  is  rBB«ot«(t.  The  iuletfercnoe  hands  vary  also  for  the  dlf- 
iBrent  colors,  i.eing  nearly  twice  ae  broad  for  red  as  for  violet  iight.  When 
white  light  is  cmplojed,  the  first  red  band  only  is  pure,  the  other  hands  being 

If  we  consider  only  the  first  two  bright  bnnda  of  each  color,  we  can 
easily  explain  the  common  phenomena  of  the  rainbow.  A  little  within 
the  caustic  curve,  it  g,  fig.  413,  on  its  convex  aide,  we  shall  have  a 
hright  light,  represented  in  intensity  bj  the  curve  a,  fig.  414,  and  a 
second  band  uf  the  same  color  at  b,  of  feebler  intensity.  As  the  refrac- 
tive index  for  red  rays  is  less  than  for  the  other  colors,  the  red  will 
diverge  more  from  the  incident  ray,  after  refraction,  than  the  violet, 
and  other  colors  will  appear  intermediate. 

Suppose  now  that  in  a  shower  of  rain  a  ray  of  light  from  the  8un 
fallfl  upon  a  drop  of  water  at  i',  fig.  415,  an 
surface,  so  as  to  give  to  the  eye  the 
red  ray  of  maximum  intensity,  r  E,  a 
drop  below  it  will  give  a  violet  ray  of 
maximum  intensity,  i  E   and  int^rme 
diat«  colors  will  be  formed  in  the  san  e 
manner  by  intermediate  dro|  s      Lt 
the  planes  of  incidence  and  reflect    i 
revolve  about  a  line  S  E  S  drawn  frum   | 
the  sun  through   the   eye  of  the   i 
server ;     the    position    of    tl  e     dr 
from  which   light   can  rea^h  the  e 
will  describe  the  arch  of  the  ra  nb  ' 

The  radius  of  the  primary  rainbow  measured  from  the  extreme  rea 
was  found,  by  Sir  Isaac  Newton,  to  be  42°  4'. 

The  purity  of  the  several  colors  in  the  rainbow  is  the  result  of  inter- 
ference, which  produces  dark  bands  for  each  particular  color,  giving  a 
clear  space  for  the  delineation  of  the  other  colors  of  the  rainbow  before  the 
ftrst  color  is  repeated.  When  the  rain-drops  differ  greatly  in  size,  as  is 
often  the  case,  the  different  colors  of  the  first  and  second  interfereoco 
bands  overlap  and  mingle  together,  and  the  bow  is  but  imperfectly 
developed. 
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Newton  found  the  distance  between  the  iirimarj  »nd  aecundary  roinbows 

A  spurious  rainbow  is  often  seen  within  the  primary  bow,  as  shown 
pq,  fig.  415,  This  is  formed  by  the  aacond  brigbt  band  of  each  color,  I 
position  and  intensity  of  whieh  is  represented  at  b,  fig,  414.    A  third  and  foui 
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537.  rog-bowa.—Haloa,— Coronas, ^Parhelia. — Fog-bows,  which 
are  sometimes  seen,  differ  from  the  rainbow  by  the  estreme  minuteness 
ftf  the  spherules  of  water  from  which  the.refieetion  takes  place. 

Satos  are  prismatic  rings  seen  around  the  sun  or  moon,  varying 
from  2°  to  46°  in  diameter:  these  are  explained  by  reflection  from 
minute  crystals  of  ice  floating  in  the  atmosphere. 

Coronas,  encircling  the  moon,  are  formed  by  reflection  from  the 
eiternal  surface  of  watery  vapor,  tJie  light  thus  reflected  interfering 
with  direct  light  from  the  same  source.  They  generally  indicate  change 
of  weather. 

Parhelia,  and  bands  of  light  passing  through  the  sun,  are  also  attri- 
buted to  reflection  from  prisms  of  ice. 

tigation  not  proper  to  be  introduced  in  an  elementary  worl;. 

538.  Atmospheric  refraction  causes  all  bodies  not  directJy  in 
the   zenith  to  appear  more  elevated  tJian  they  418 

Let  A  B  C  D,  fig.  4,16,  represent  th 
of  the  atmosphere,  and  (he  inner  ci 
creasing  density  around  the  earth,  E.    Light  fr 
of  the  heavenly  bodies  situated  at  . 

preceding;  and  by  a  gradually  inor 

will  he  made  to  travel  in  cnrred  lines,  until  entering  the  eyi 

bodies  at  a  and  c  wilt  appear  situated  at  b  and  d. 

539.  Iiooming  ia  a  term  applied  to  the  elevation 
of  objects  at  sea  which  appear  raised  above  their  real 
position  by  atmospheric  refraction. 

Islands  often  appear  thus  raised  above  tbe  water,  and  an 
inverted  image  ia  seen  below  them.     Distant  vessels  sometimea 

they  nonld  he  far  below  the  horizon  if  they  were  not  elevated  ie 
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caused  bj  rays   reflected  from   strata  of  air   heated   by  the  bumiog 
sands.     DistaDt   objects   are   seen  reflected  by  the  heated   air   as   in 


a  beautiful  lake  nhitb  disappear 
traveler  ipproaehes  The  phenomena  of  the  mira 
fig.  418. 


5-11.  Direction  of  luminous  vibrations. — The  phenomena  of 
polarised  light  are  justly  regarded  as  the  most  wonderful  iit  the  whole 
science  of  optics.  These  phenomena  are  most  readily  explained  nnd 
understood  by  reference  to  the  undulatory  theory.  It  has  been  stated 
(308)  that  the  vibrations  of  light  move  at  right  angles  with  the  direc- 
tion of  the  rayH. 

This  apeoies  of  vibration  may  be  illuBtrated  by  fboae  of  a  cord,  made  fast  at 

one  Bad,  and  moved  rapidly  upward  and  downward  by  tbe  hand  ahakiag  tho 

,  as  shown  in  fig,  419.     If  419 


lerably  __/" 


of  ordinary  light. 


542.  Trail  amission  of  luminous  vibrations. — Opaque  Kubstanoes 
allow  no  luminous  vibrations  to   pass   through   them.     S>me  bodiuft 
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transmit  neurlj  all  the  luminous  vibrations  which  fall  u{.iin  them; 
other  hodies  are  capable  of  tranmnitting  only  those  vibratioQS  of  light 
contained  in  a  single  plane,  or  that  portion  of  the  vibrating  force  which 
can  he  resolved  into  vibrations  in  that  plane.  Other  bodies,  capable 
of  vibrating  in  two  directions,  reduce  all  the  vibrations  which  they 
transmit  to  vibrations  in  the  two  planes  in  which  these  bodies  them- 
selves  are  capable  of  vibrating.  Some  bodies,  by  reason  of  the  position 
in  which  an  incident  beam  of  light  falls  upon  them,  alter  the  direction 
of  the  vibrations  which  they  transmit,  and  thus  produce  a  beam  of 
light,  whose  vibrations  are  all  limited  ta  a  single  plane. 

543.  Change  produced  by  polarization  of  light. — A  beam  of 
light  is  said  to  be  plane  polarized  when  ail  its  vibrations  move  in  a  single 
n  planes  parallel  to  each  other.     This  may  be  illustrated  by 


If  the  cords 
11  differ.    This 


a  bundle  of  stretched  cords,  all  vibrating  ir 
differ  in  size  or  tension,  the  lengths  of  their  vibratioi 
may  illustrate  the  vibrations  of  different  429 

colors,  which  vary  in  the  lengths  of  their 
vibrations  (531).     A  round  cod  may  be 
taken  to  represent  a  small  beam  of  ct 
mon  light,  and  the  radii  shown  in  J 
420  may  represent  the  transverse  vibra- 
tions by  which  light  is   propagated   i 

ordinary  media.     Fig.  421  will  then  represent  a  transverse  si 
polarized  beam,  with  vibrations  in  planes  parallel  to  each  other. 

544.  Resolution  of  vibrations. — The  principle  of  resolution  of 
forces  (50)  will  enable  us  to  understand  how  vibrations,  in  an  infinit« 
number  of  planes  passing  through  the  general  direction  of  a  beam  of 
light,  may  be  resolved  into  vibrations  in  two  planes,  making  with  each 
other  any  required  angle.  If  0  E,  flg.  422,  represents  the  direction  and 
intensity  of  a  vibration,  it  will  be  equivalent  422 


a  0  a  and  0  c, 


,gles 


each  other.  Vibrations  represented  by  0  F, 
0  G,  and  0  H,  may,  in  the  same  manner,  bo 
resolved  into  vibrations  in  the  ases  A  B  and 
C  D.  Then  Oa  +  Oo' +  06  +  06'  will 
rnpresontthe  intpnsitj  of  the  resulting  vibra- 
tions in  the  asis  A  B,  and  0  c  +  O  e'  +  0  iJ 
+  Od'  will  represent  the  intensity  of  the 
resulting  Tibrations  in  the  asis  C  D.  If  we 
thus  resolve  vibrations  in  an  infinite  number 
of  planes  into  vibrations  in  the  ases  A  B  and  C  D,  the 
resulting  iy  -ensities  in  the  axis  A  B  will  be  exactly  equa 
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of  the  intensities  in  the  axis  CD.  A  raj  of  common  light  may  theie- 
fore  be  coDsidered  as  consisting  of  yibrations  moving  in  two  planes  at 
tight  angles  to  each  other.  Any  medium  that  will,  either  b;  its  posi- 
tion or  internal  constitution,  separate  light  inW  two  parts,  vibrating  in 
planes  at  right  angles  to  each  other,  will  produce  that  change  deoomi 
Iiated  polarization  of  light. 

545.  Iiiglit  polaiizBd  bj  absotptlon. — Certain  crystals  hare  Ihe 
remarkable  property  of  polarizing  all  the  light  which  passes  through 
them  in  particular  directions.  They  appear  (o  absorb  part  of  the  liglit, 
and  cause  the  remainder  to  vibrate  in  a  single  direction  onlv. 

If  a  transparent  lourmaUne  la  out  into  plfttee  oae  thirtieth  of  an  inch  tliick 
uid  polished,  the  plane  uf  BBction  be  ng  parollel  lo  the  rertical  axis  of  lbs 
hexagonal  prism  in  whiah  this  mineral  orjslallueB  the  light  tranaaiitttd  throngh 
such  a  ptate  will  be  pohirixed.  If  &  sec  nd  p1at«  is  placed  [arallel  tu  the  first, 
aa  shown  in  flg.  42S,  the  light  tran™  tied  42)  42i 

throngh  the  first  plate  will 
mitted  through  the  Eecond 
light  will  be  entirely  obstrj 


546.  Folaiizatiou  by  reflectioa. — When  light  falls  upon  a  trans- 
parent medium,  at  any  angle  of  incidence  whatever,  some  portion  of 
the  tight  is  reflected.  When  the  incident  light  falls  upon  (he  medium 
at  a  particular  angle,  which  varies  with  the  nature  of  the  substance,  all 
the  reflected  light  is  polarized. 

Let  G,  G,  fig.  425,  be  s  plate  of  glass  or  any  other  transparent  medium,  and 
let  a  ray  of  light,  a  b,  fall  upon  it  at  snob  an  angle  that  the  reaected  raj,  )  «, 
ahall  make  an  angle  of  90=  with  the  refracted  ray,  425 

b  d,  then  the  reflected  ray  b  c,  which  represen 
a  small  portion  of  the  incident  light,  will  he  pel! 

If  the  medium  is  bounded  by  parallel  Burfacea,  the   ^B  

portion  of  the  light  refloctsd  from  the  second  snrfacB   1^8^^^^^^-^^=^ 
irHl  also  be  polarised. 

The  angle  of  polarisation  by  reflectioa  may  bo  de- 
termined by  tbe  following  law.  Til  langeiil  a/  lit 
vngh  of  incidmce  foe  mhich  ike  rejleirted  rag  is  pnlai 
uf  nfiattioa  far  ihe  re/fec(M:,7  tB«ii«m.  This  law  su 
AtADca  mcje  dense  than  the  surrounding  medium, 
the  second  surface,  as  when  passing  from  glass  i 

rtfTnelifM  equals  ike   cniangeat  of  Ihe  oni/le  i.f  fii>lariiatmit.     The  polar, 
•ngle  for  reflection  from   glass,  is  58^  25',  reckoned  from  the  perpendic 
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If  a  polarised  ra;  falls  upu 


'.     Afl  the  indei  of  refra  'Hon  va 
ng  surface  at  tho  aDgle  uf  polari 


loplao 


ds  nith  the  plane 
in  whiob  the  ray  tvas  polarized,  Che  polarized  light 
will  be  teileoted  juet  as  if  it  were  not  polariaed,- 
hut  when  the  plane  of  incidence  makes  an  angle 
of  90°  with  the  plane  of  polariiation,  the  light  is 
entirely  intercepted,  as  shown  in  lig.  426.     In  this 

Incidence,  serves  the  purpose  of  an  nnaljier,  juat 
like  a  plate  of  tourmaline. 

Polarization  by  metallic  re&ectioi). — To  obtain  a  beam  of  plane 
polarized  light  by  reflection  from  metaltic  plates,  the  light  must  be 
reflected  many  times  at  the  angle  most  favorable  to  polarization.  A  ray 
of  light  once  reflected  from  a  nietnllie  plate  at  the  most  favorable  angle 
appears  to  consist  of  light  vibrating  in  two  planes,  in  one  of  which  the 
phase  of  Tibration  is  retarded  from  0  to  ^  of  a  vibration  behind  the  light 
vibrating  in  the  other  plane.     This  is  called  elliptical  polarisation. 

i3  of  vibration  are  at  right  angles  to  each  other, 
t"      d"ff    by  i    f       "braf       th    I'ght "       '  1 


When  the  two  pli 
dth    ph    e^    f 
to  b   «      I    lifp  I 
Ih    d  d 


Th 
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547    P  1  n    U  n  by 

fl    ti       f    m      tl       th     fi 
m  d  p    t         f  th    t  tt  d  Ight       p<l         d 

The  amount  of  light  polarized  by  refraction  la  juit  equal 
to  the  amount  polarized  by  reflection,  but  as  the  amount 
of  light  transmitted  by  transparent  substances  very 
much  exceeds  the  amount  reflected  from  their  surficei 
only  a  small  portion  of  the  transmitted  rays  are  polar 
ized.  or,  more  properly,  the  light  transmitted  through  a 
single  plate  is  but  partially  polarized. 

548.  Polarization  by  auocesBive  refiaotions  — 
If  a  ray  of  light,  R  R',  is  transmitted  obliquely  through 
a  number  of  parallel  transparent  plates,  as  shown  in  fig 
427,  a  portion  of  tho  light  is  polarized  at  every  refrat 
tion,  and  after  t  sufficient  lumber  of  refractions  the  whole  of  the 
mitted  light  is  polarized. 
86* 
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right  BHgka  with  tha 


tion,  aa  shoirD  at  B,  fig.  123. 

Light  poloriieii  by   refta 

vibrates  also  at  right  angle! 


549.  Paitial  polarization.— Lighc  reflected  or  refracted  at  any 
obliciue  angle  ia,  in  general,  partiallj  polarized,  and  by  repeated  reflec- 
tions or  refractions  the  degree  of  polarization  m  increased,  until,  after 
A  BuEScient  number  of  refleotjona  or  refractions,  it  is  apparently  com- 
pletely pQJarlzed. 

Let  M  N,  lig.  429,  represent  the  plsne  of  refraction,  aad  A  B,  C  D,  the  axes  of 
Tibration  for  oommoD  light,  then  by  repeated  re- 
ft'oetions   these  axes  will  be  gradually  made  to       ^ 
approach  each  other,  until  they  sensibly  ooinoide,  'Ny'i     / 
aa  shown  in  the  figure,  when  the  light  is  said  to  j^    -^ 
be  completelr  polarised.     The  portion  of  light      ,v  " 


'0 


right  angles 


550.  Qoable  refraction  is  a  property  in  certain  crystals  that 
the  light  passing  through  them  in  particular  directions  to  be 
into  two  portions,  which   pursue   different  paths,  and  which 
objects  seen  through  the  crystals  to  appear  double. 

The  most  remarkable  substance  of  this  kind  with  which  we  are  fao 
Iceland  spar,  or  carbonate  of  lime,  which  eryslalliies  431 

in  the  rhombie  system,  as  shown  in  fig.  130.  The 
line  a  *,  abont  which  all  its  faces  are  BjmmBtrieally 
arranged,  is  called  the  major  axis  of  the  crystal,  and 
the  plane  acbd,  paasing  through  the  axis,  and 
through  the  obtuse  lateral  edges,  is  called  the  plane 
of  principal  tecti 


If  a  crystal  of  Ic 
halfan  inch,  upward 

eland  spar,  from 
s,  in  thickness,  is 

laid  upon  a  sheet  of 

appear  double,  as  s 
A  B,  C  D,  E  F,  G  H 

paper,  on  which 
lines,  they  wil 
own  in  fig.  431 
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The  indes  of  refraction  for  the  ordinarj  ray  in  Iceland  spar  is  con- 
siantlj  1.6543  ^  m.  The  indei  of  refraction  for  the  estraordinary  ray, 
when  it  makes  an  angle  of  90"  with  the  major  axis,  is  1.4833  =  n.  Let 
X  =^  the  angle  which  the  estraordinary  ray  makes  with  the  major  axis 
in  any  other  position,  and  let  K'=  the  corresponding  index  of  refraction 
for  the  extraordinary  ray,  its  value  may  he  determined  by  the  following 
formula ; — 

JV  =  y^^?^C,i'  —  m'\Hn'x  -  =  i/ 2.7^07 —  0.5365  sin'ai. 

551.  Positive  and  negative  oryatalB .—Posift'ue  crystali  are  those 
in  which  tlie  index  of  refraction  for  the  estraordinary  ray  is  greater 
than  for  the  ordinary  ray,  and  the  estraordinary  ray  is  rofraf.ted  nearer 
to  the  axis  than  the  ordinary  ray.     Quarts  and  ice  are  examples  of  this 

Negative  cryatala  are  such  as  hovo  the  index  of  refraction  for  the 
extraordinary  ray  less  than  for  the  ordinary  ray,  the  extraordinary  ray 
being  refracted  farther  fram  the  axi.s  ihan  the  ordinary  ray.  Iceland 
spar,  tourmaline,  corundum,  sapphire,  and  mica,  are  esamples  of  nega- 
tivo  crystals. 

Some  crystals  have  two  ases  of  double  refraction,  as  nitrate  of  potash, 
sulphate  of  barytea,  and  some  varieties  of  mica. 

552.  Polatization  by  double  refraction.— When  the  light  trane- 
mitted  through  a  doubly  refracting  substance  is  examined  with  an 
analyzer,  it  is  found  that  both  the  ordinary  and  extraordinary  rays  are 
completely  polarized,  whatever  he  tbe  color  of  the  light  employed.  The 
tourmaline  plale,  or  other  analyzer,  will,  in  one  position,  transmit  the 
ordinary  image  and  wholly  intercept  the  other,  but  when  432 
the  tourmaline  has  been  rotated  90°,  the  ordinary  ray  ia 
intercepted,  and  the  estraordinary  ray  is  transmitted. 

553.  Nlool's  single  Image  prism  is  an  instrument 
formed  of  Iceland  epar,  by  which  the  ordinary  image,  pro- 
duced by  double  refraction,  is  thrown  out  of  the  field,  and 
(mly  a  single  image  (the  estraordinary)  ia  transmitted. 

An  elongated  prism  of  Iceland  spar  is  eut  through  by  11  plane, 
BE,  at  right  anglCB  with  the  prionipHl  sectic 
solid  angle  B,  fig.  432,  making  an  angle  of  2 
lateral  edge  K.     The  terminal  face,  P,  ia  groui 
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of  88°  with  the  obtQsa  laltrol  edge,  K,  and  the  ippotitB  fnce, 
the  same  manner.  All  the  new  fneea  are  carefnl.j  polLsied,  ii 
■.re  eemented  together  i^aia  with  CaQadu  haleam,  in  the  sai 
pretioualj  oconpiod.  The  lateral  faees  of  this  compound  prisn 
black,  leaving  onl;  the  termmal  faces   for   the  Iransmisaioi 


of 


Whan  a  raj  of  iight,  a  b,  fig.  433,  falls  apon  this  priam,  it  ia  re- 
fracted into  the  ordinary  raj  be,  and  the  extraordinary  raj  *  d.  The 
indei  of  refrBCdon  of  Iceland  apar,  for  Ihe  ordinary  ray,  being  1.654, 
and  that  of  bftlsam  only  1.6S6,  the  ordinary  ray  eannot  pass  through 
the  balaam,  unless  the  incident  taj  dijergea  widely  from  the  aniB 
total  reflection,  and  is  aheorbed  bj  the 
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tivB  indei  in  the  Iceland  spar  genr 
varying,  for  Hicol's  prism,  between  1. 
through  the  balsam  into  the  lower  pi 
in  the  direetioi  g  h,  parallel  to  the  ini 
These  prisma  are  capable  of  trans 
light,  perfectly  polarised,  from  20°  to 


TBordinary  ray  h. 
illy  less  than  in  I 


27=1 


lebal! 


breadth. 


is  pen. 


554.  Polarizing  inBtrumentB  are  made  in  a  variety  of  forms,  to 
suit  partioulnr  purposes.  A  simple  instrument,  and  yet  one  of  the 
most  convenient  in  use  for  exhibiting  the  phenomena  of  polariaed  light, 
is  shown  in  fig.  434.  454 


A  or  B,  where  Ihey  are 

parallel  to  the  base  of  the  instrument. 

Polarized  light  may  be  applied  to  the  microscope,  by  mounting  a 
Nicol's  priam  beneath  the  stage  as  a  polarizer,  and  another  for  an 
analyzer,  in  the  body  of  the  mieroscope,  above  the  object  glass. 

555.  Colored  polarization. — When  a  thin  plate  of  selenite,  mica, 
or  any  other  doubly  refracting  suhatanee,  is  placed  betmeen  the  polarizer 
and  the  analyzer  in  the  polariseope,  the  light  is  separuted  into  two 
beams,  which  follow  different  paths,  and  as  the  vibrations  of  one  ray 
are  more  retarded  than  those  of  the  other,  when  they  are  reuriited 
they  interfere,  and  produce  the  most  beautiful  colors,  varying  with  the 
thickness  of  the  plates,  and  the  position  of  thi'ir  ases  with  refetwice  to 
the  axes  of  the  polarizer  and  the  analyzer. 
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If  the  film  is  rotatad,  while  the  polariier  and  analyier  rem; 
will  appear  at  eterj  iiuodrftnt  of  revolution,  and  disappei 
poaitiona.   If  the  film  and  tbe  pulariser  remain  fixed,  and  the  i 


Hilms  of  eelonito,  rarjing  between  O'DOIZI  and  D'Ol  S13  of  an  incb  in  thieknesn, 
wilt  gWe  all  the  culore  botwocn  the  whits  of  Newton's  first  order,  and  wbiti 
resulting  from  the  miituTe  of  all  the  oolora.  If  two  aima  of  aelenile  arc  pineed 
over  eaoh  other,  with  their  axes  parallel,  the  color  produced  will  be  that  which 
belongs  to  the  sura  of  their  thickne»!ee.  But  when  the  two  films  are  placed  with 
their  aiea  at  right  angles,  the  resultisg  tint  is  that  which  belongs  tfl  the  difier- 
enee  of  tbeir  thicbncsses. 

556.  Rotaiy  polarization  Ib  s,  property  which  some  suh^tnacos 
possess  of  changing  the  plane  of  vibration  in  a  raj  of  polariaed  light, 
even  when  it  falle  perpendicularly  upm  it.  The  entire  amount  of 
Totiktion  depends  upon  the  thicknesB  of  the  medium.  Quartz,  cut 
transversely  to  its  niiyor  asis,  solution  of  sugar,  camphor  in  the  Holid 
state,  and  most  of  the  essential  oils,  possess  the  power  of  rotating  the 
plane  of  polarization  of  a  ray  passing  through  them. 

Different  substances,  and  sometimes  different,  specimens  of  the  same  substance, 
rotate  the  plane  of  polarization  in  contrary  directions.  When  the  rotation  lakes 
piace  in  the  direction  of  the  motion  of  the  hands  of  a  natch,  the  medium  is 
said  to  Lave  right-handed  polarijation.  Thus  wo  have  rightr-handed  quarts,  and 
left-handed  i^uarts. 

of  polarisation  rotated  much  more  than  the  colors  of  greater  refranglbility. 
This  property  varies  inversely  as  the  squares  of  the  lengths  of  the  luminous 
waves  which  prodace  the  several  colors.  The  power  of  rotating  the  plane  of 
polariiation  becomes  a  valnable  lest  for  speedily  determining  tbe  nature  of 
various  chemical  ssbstances,  or  the  strength  of  a  solution  of  any  sabstaace 
having  this  power.  Eoliel's  saecharimetei,  for  measaring  the  relative  amount 
on  this  principle. 
5  the  presence  of 
sugar  in  diabetic  urine. 


a  very  simple 
g  its  plane  of  polarization, 
a  of  Iceland  spar ;  in  the 
covered  hy  two  plates  of 


5ST.  Axago's  chromatio  polaiiscope  is 
for  testing  polarised  light,  and  for  determinin 
In  one  end  of  a,  hrass  tube  is  inserted  a  ] 
other  end  of  the  tuhe  a  circular  openin 
quartz  cut  parallel  to  the  axis  and  united  by  their  edges,  one  of  these 
plates  having  righthanded,  and  the  other  left-handed,  rotary  polari- 

When  polarized  light  is  viewed  through  this  iDstrument  (the  Iceland 
spar  being  turned  towards  the  eje).  the  circular  opening  appears 
double,  and  in  eaoh  image  is  seen  the  line  dividing  the  two  plates  of 
ritary  quarts,  with  complementary  colors  on  opyosite  sides  of  the  line. 
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tf  ihe  inslrument  13  iii>i;v  rotated,  two  positions  will  be  found  ftt  right 
angles  to  each  otlier  where  both  parts  of  the  opening  in  the  same  image 
appear  of  a  aniform  tint,  though  the  two  images  still  have  iomple- 
mentarj  colors. 

When  both  segments  of  the  extraordinary  image  have  a  uniform  red 
tint,  the  priaoipal  section  of  the  prism  is  parallel  to  the  plane  in  which 
the  light  has  been  polarized,  and  when  both  segments  of  the  estra- 
ordinory  image  are  uniformly  green,  the  plane  of  polarization  is 
perpendicular  to  the  principal  section  of  the  prism. 


A  plats  of  at 


[led  far 


imiLge  is  red, 


iea,  or  a  single  plat*  of  quarts,  mi 
the  two  segments  of  right  and  left-handed  quarts,  and  tn 
plemeDtBr;  colors  will  be  seen  as  before.     All  the  pbeaoE 
polarisation  may  be  demonstrated  wiCb  this  form  of  tbe  ' 
plane  of  polarisation  maj  be  determined,  but  with  less  a^ 
first  form  of  the  instrument.     As  before,  \ 
the  plane  of  polariiatiou  is  parallel  to  the 
the  eitraordinary  image  is  green,  tbe  plane  of  poiariiation  is  perpendicular  to 
tbe  principal  sectioa  of  tbe  priem. 

558.  Colored  rings  in  oiyatals. — Colored  rings  of  great  beauty, 
with  a  black  cross,  are  seen  in  thin  plates  of  doubly  refracting  crystals, 
■when  viewed  in  certain  directions,  with  polarised  lighL 

Pigs.  i35  and  438,  show  the  appearance  of  the  rings  and  eross  in  tbiek  plates 
of  quartz,  in  positions  at  90"  from  each  other.  Other  uaiaiial  crjetals  show  a 
similar  system  of  rings  beautifully  colored.     Figs.  437  aod  4S3  show  tbe  form 


43S 


559.  Folatization  by  heat,  and  by  compression,— -Glass  irregu- 
larly heated,  or  heated  and  irregularly  cooled,  poascsses  the  power  of 
double  refraction,  and  when  viewed  by  polarized  light,  it  esliibits  dark 
crosses,  bands,  or  ringa,  varying  with  the  form  of  the  glass,  and  differ- 
ence of  density  ia  different  parts.  Similar  phenomena  may  be  produced 
by  oorrtpression,  oi*  by  bending  rods  or  plates  of  glass. 
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560.  Magaetic  rotary  polarization. — If  a  thick  plate  f  glasa  is 
applied  to  the  poles  of  a  powerful  eleetro-niagnet,  the  glass  is  neither 
attracted  nor  repelled ;  but  if  a  ray  of  polapizad  light  ia  tramniitted 
through  the  plate  in  a  certain  direction,  the  plane  of  polarization  ia 
rotated  as  by  a  plate  of  quartz,  or  other  rotary  pulariner,  sliowing 
that  light  afld  magnetism  have  some  intimate  relation  to  each  other. 

This  rotary  effect  may  depend  upon  change  in  the  tension  of  the  moleouiei 
ef  the  glass  bj  the  magoetio  force,  and  not  upon  any  direct  relation  botneea 

561.  Atmospheric  polarizatioit  of  light.— The  light  of  the  sun 
re9eotcd  by  the  atmosphere  is  more  or  less  polariied,  depending  upon 
the  angular  distance  from  the  euq. 

If  the  earth  had  no  atmoapherc,  the  aky  would  everjwhara  appear  tperfectly 
blank.  The  color  of  the  aky  is  produced  by  light  reflected  by  the  atmoapEiere. 
If  we  look  at  the  sky  through  a  Nicol's  prism,  we  shall  find,  on  routing  Che 

The  point  in  the  haavenB  directly  opposite  to  the  sun  is  called  the  nn(i"-Wor 
poiiU.  At  a  distance  above  the  anti-solar  point,  varying  ftom  H"  to  IS",  Ihere 
14  a  point  of  no  polarisation,  and  another  neutral  point  at  on  eqaal  distance  below 
the  anti-solar  point.  Another  neatral  point,  or  point  of  no  polarisation,  is 
found  from  12"  to  18°  above  the  son,  and  a  similar  one  below  it ;  but  the  latter 
ia  observed  with  great  difficulty.  When  the  sun  is  in  the  senith,  these  two  points 
coincido  in  the  sun.     At  all  other  pointa  in  the  sky,  the  light  is  more  or  leas 

half  as  much  as  by  reflection  from  glass  at  the  angle  of  comploto  polarization. 

562.  The  eye  a  polarise  ope.— The  structure  of  the  crystalline  lens 
is  such,  that  the  unaided  eye  is  capable  of  analysing  a  beam  of  light 
polarized  by  reflection  or  by  double  refraction.  A  person  acoustoraed 
to  use  his  eyes  in  viewing  the  phenomena  of  polarization,  can  thus 
detect  with  ease  facts  of  this  nature,  which  are  wholly  inscrutable  to 
one  not  familiar  with  such  observations;  another  of  tlie  numerous 
proofs  we  have  that  the  eye  is  capable  of  very  eiaot  training;  but 
nevertheless  it  is  a  proof  also  of  an  imperfection  in  the  eye  itself. 

M.  Haidinger  has  obaerved  a  remarkable  phenomenon  of  polarised  light,  by 

BscerUincd.  This  phenomenon  consists  in  the  appearance  of  two  brushes  of  a 
vary  pale  yallow  color,  the  axis  of  nhloh  ooinoides  always  with  the  traoa  of 
the  plane  of  polarisation ;  these  are  acoompaaied,  on  either  side,  bj  two  patohei 
of  light  of  a  complementary  or  violet  tint.     In  order  to  sea  them,  the  plane  of 

this  may  bo  done  by  revolving  before  the  eye  a  Nicol's  prism  directed  towards 
a  white  cloud. 

The  most  probable  eiplanation  is  that  given  by  M.  Jamin,  in  which  the  pro- 
duction of  the  phenomenon  is  ascribed  to  the  refracting  oo*ts  of  the  eye.  thej 


db,  Google 


PHYSICS   OF   IMPONDERABLE   AGENTS. 


563.  The  practical  applications  of  polari 
wjus.  The  loalsr  telescope  consists  of  an  ordin 
with  a  Nicol's  prism  inserted  in  the  cye-pLcce. 

The  liglit  refleoled  from  the  s 
to  Tiewing  objects  tieneath  its 
ontirelj  cuts  off  the  polarized  pi 
fKrbeli       ■  -  ■ 


Amatenrs,   in  visiting   galle 
mounted  as  apectaoles  of  grent  servioi 
self  in  an  oblique  position,  and  look  at 
of  reflected  light  renders  the  obje 
but  tn  look  through  a  Niool's  prism,  i 


is  tbe  principal  obstmotion 
sm,  in  a  certain  position, 
id  ligbt,  and  allows  object! 
Nicol's  prism,  ia  (be  same 
with  greater  certainty. 


paintings,  find  Niool's  prisms 
.  Let  the  observer  place  him- 
in  oil  painting;  when  the  sheen 
1  the  painung  invisible,  he  has 
<l  in  a  proper  position,  and  the 
entire  details  of  the  painting  at  once  become  visible  in  all  their  proper 
cobra.  An  opera-glass,  provided  vrith  Nicol's  prisms,  wonld  be  a 
valuable  instrument  in  examining  a  picture  gallery.  Polarized  light 
is  also  of  great  value  in  microscopic  i 


ad 


B     m  d  pmist  HE  detect   >nn 

m  h  m  d  tinguish  it  froni  potiissa  or  any 

h         k  p  g  h  m       J.  especially  in  the  eiamination 

ta  d  nd  fluids  of  both  animals  and 

p         ,  p  li    o''  pec i ally  important. 

Instead  of  a  few  isolated  facts,  of  interest  only  to  the  curious  inquirer, 
the  polariiation  of  light  presents  itself  as  a  great  fact  in  nature,  meet- 
ing us  with  wonderful  revelations  in  almost  every  department  of  natural 
science.  By  this  marvelous  property  of  light,  the  astronomer  determines 
that  the  planets  shine  by  reflected  light,  and  that  the  stars  are  self 
luminous  bodies. 


Problems  in  Optics, 
Velocity  and  Intensity  of  Light. 
17T.  What  lime  is  required  fo(  'ight  to  come  to  the  earth  from  the  ei 
di»l«(0»  being  86,000,000  miles  1 
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178.  Hon  long  does  it  take  the  light  ol 
distince  being  estimated  2,961,(100  times  i 
frumthesun? 

179.  Two  lighta  giro  oqnal  illumiantion  upon  Bunsen'a  photomeler,  when  it 

inohes  from  the  other;  what  is  their  relative  illuminating  power? 

180.  A  siiraen  is  equally  illuminated  by  two  flomeB,  whan  oncof  them  is  40  inclica 
from  it,  but  when  a  plate  of  glass  ia  inlerposed,  the  aame  light  ia  required  to  lie 
brought  to  a  diatanea  of  38  inehes  that  the  illumination  may  be  again  equal; 
That  proportion  of  the  light  is  transmitted  bj  the  glass  ? 

181.  At  one  extremity  of  a  bar,  100  inohea  long,  is  plated  a  aiandard  candle 
jurniDg  120  grains  per  hour  {the  usual  standard  in  photomotrie  meaauremeuta 
of  gas),  at  the  other  end  is  a  gaa  burner  consuming  6  cubic  feet  pet  hour.  A 
Bunsen's  screen,  moving  on  this  bar,  ia  diatant  17^  inches  from  the  candle, 
when  both  sides  are  equally  illuminated ;  what  is  the  illuminating  power  of  the 
gaa  in  terms  of  the  candle  as  a  unit? 

132.  By  a  similar  trial,  the  photometer  la  19^^  inches  diatant  from  tha 
itandard  candle  when  the  disc  Is  equally  illuminated,  hut  it  is  found  that  the 
candle  ,a  burning  129  grains  per  hour,  while  the  gas  burner  consumes  only  4i 
eubio  feet  of  gaa  per  hour ;  what  ia  the  illuminating  power  of  5  cubic  feat  of 
this  eample  of  gaa  in  terms  of  the  standard  candle  at  120  grains  as  a  unit? 

Reflection  of  Iiigbt. 
laS.  At  what  angle  must  two  mirro 
dent  parallel  to  one  mirror  may,  aft. 
tha  other? 

184.  How  many  images  will  be  accn  in  a  kaleidoacopa  when  the  two 
of  which  it  ia  composed  are  placed  at  an  angle  of  20"  ? 

185.  A  concave  mirror  collects  solar  light  to  a  focus  6  inches  from  its 
where  wUl  it  form  an  image  of  an  object  placed  12  feet  in  front  of  it  ? 

186.  A  luminous  point  it  placed  at  a  distance  of  3  feet  in  front  of  a 
mirror  of  1  foot  radius  j  find  the  distance  of  the  foeus  of  reflected  rays, 

lit.  What  muat  be  the  position  of  a  luminous  point  before  a  concavi 
that  the  distance  between  the  foci  of  incident  and  reBeoled  raya  may  be 
Ihe  radius  of  the  mirror? 

Refraction  of  tiiglit. 

183.  Find  the  thickncsa  of  a  plane  glaaa  mirror  ailvered  at  the  back 
an  objeot  one  foot  in  ftont  of  ita  firat  surface  may  have  the  imoge  fo 
reflection  at  the  second  aurface  twice  aa  diatant  from  the  object  aa  if  ti 
tion  took  place  from  the  firat  aurface;  the  index  of  refraction  being  n  = 


sphere,  is  brought  to  a  focus  upon  tha  opposite  surface ;  what  ia  tho  ^fractiya 
Index  of  the  material  of  which  the  sphere  ia  made? 

192.  A  small  pencil  of  light  foils  npon  a  concave  spherical  surface  of  glasa 
(n  =  1  J),  tha  radius  of  which  is  2  feet.  Supposing  the  radiant  point  distant  3  feet 
from  the  raf-aoting  surface,  where  will  the  foci!  of  the  refracted  laya  be  found  t 
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193.  When  diForgent  rays  ara  incident  from  n  certain  point  upon  a  spberiiat 
iurfiwe  of  glssa,  the  refraeled  rajs  are  found  to  oonvergs  to  a  focus  at  eiactly 
the  same  distance  on  the  oppoaits  side  of  the  surface ;  is  the  surfaet  eonvei  or 
conraTfl  ?  and  if  the  position  of  Ihe  point  of  incidence  be  3  feet  from  [he  reftact- 
ing  Burfaoe,  and  n  =  1-5,  what  is  the  radius  of  the  refracting  surface? 

194.  A  double  convei  lens  of  gla^s  (n  =  1-534),  whose  radii  are  respectively 
a  Inehea  and  4^  inches,  is  placed  15  inches  before  a  InmiDOua  point ;  »bat  is  the 
position  of  the  focus  of  refracted  rays? 

195.  What  is  the  form  of  a  double  conrei  lens,  having  the  least  spheri<;a] 
aberration,  when  the  glass  of  which   it   is   made  has  an  indei  of  refraction 

196.  What  is  the  distance  of  the  principal  focus  from  a  leas  of  flint  glass 
(b  =  1-B33)  whose  radii  are,  r  =  2^,  and  i  =  —  S  ? 

197.  What  single  lens  is  eqnivalent  tc  a  combination  of  a  double  conrei  lenl 
of  focal  length  2  inches  with  a  doubie  concave  lens  of  focal  length  t  inches? 

198.  Determine  the  form  of  two  lenses  of  flint  and  crown  glass,  that  may  ba 
oemeoled  together  so  as  to  constitute  a  plano-oonvei  achromatic  combination 
of  7  inches  focal  length,  using  flint-glass  in  which  m  =  1-635,  and  the  disper- 
live  power  J)  =  lOOO,  and  crown-glass  n  =  l-53i,  andp'  ==  625. 

1S9.  Two  convex  lenses,  whose  focal  lengths  are  3/ and/,  are  separated  by  an 
Interval  of  2/;  how  must  a  pencil  of  rays  be  incident  upon  the  nrst  lens,  so  ai 
to  emerge  parallel  after  refraction  through  the  second  lens  ? 

Optical  Instruments. 

magnifying  power  of  a  lens  whose  solar  focus  it  3  inches,  when  it  is  placed  at  > 
distance  of  5  inches  from  the  eye? 

201.  Calculate  the  radii  of  the  two  surfaces  of  a  meniscus  of  crown-glasi 
(»  =  1-5)  to  be  used  as  the  field-lens  of  Prof.  Airy'a  eye-piece  (500),  when  the 
eye-lens  has  a  solar  foeus  of  half  an  inch,  and  the  fleld-lens  is  2  feet  from  the 
object-glass. 

202.  Calculate  the  illuminating  power  of  nerschel's  great  telescope,  allowing 
^j  of  the  incident  light  to  be  reflected  by  the  speculum. 

203.  On  the  same  conditions  calculate  the  illuminating  and  penetrating  powers 
of  Lord  Rosac's  great  telesoope  (S03). 

204.  Estimate  the  illuminating  and  penetrating  powers  of  the  Cambridge 
refracting  telescope  (506;.     A  =  15  inches,  o  ^  0  1  inch,  x  ^  0-9,  n  =  3. 

205.  Compare  the  illuminating  and  penetrating  powers  of  two  achromatic 
objectives  for  the  microscope,  one  of  which  has  au  angular  aperture  of  100°, 
and  the  other  150=,  calling  n  =  6  in  both  cases,  and  x  =  B-S. 

Polarization  of  Light. 

S06.  Calculate  the  angles  of  most  perfect  polarization  by  reflection  from  the 
three  kinds  of  glass  whose  iodei  of  refraction  is  given  in  g  407. 

307.  What  proportion  of  the  incident  light  ia  reflecled  in  each  of  the  cases 
considered  in  the  last  problem,  supposing  the  increase  of  reflection  unifcrm 
between  any  two  angles  whose  amount  of  reflection  is  given  in  the  table, 
page  299  ? 

BOS.  What  is  the  indei  of  refraction  for  the  extraordinary  ray  in  leelano 
■pii,  when  it  makes  an  angle  of  54°  with  the  principal  axis  of  the  prism? 
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CHAPTER  II. 

HEAT. 
I  1.  Nature  of  Heat. 
564.  Heat.— Ita    nature  —The    eeosA     qb     vl     h    -me    caU    heal 
Dr  cold,  are   prod     ed  hy  a       j,  nt  or     a    e  wl  real   nature   is 

unkaonn.  ftha  e  er  tl  s  age  t  d  a;  be  t  Dfluen  es  matter  of  all 
kinds  without  ch'VDgng  8  ni  ure  S  entfi  op  d  on  s  d  v  ded 
obiefly,  betwee  t  to  v  ews  of  tl  e  natu  e  of  hea  These  are  the 
corpuscular  theory   or  Iheu  y  oj  e     aso     and  the  ami  lata  y  ihsory 

able  fluid,  existing  in  all  bodies  in  oombination  with  their  alDma.  The  pard- 
cUs  of  this  supposBd  fluid  are  self- repellent,  aud  thns  the  at<>ma  of  bodies  an 
proTCDled  from  comiag  iuio  absolute  coutsct  nith  each  other.  This  fluid  ia  thrown 


This  same  medium,  by  auotbet  kind  of  motion,  is  Bnppoaed  to  produce  light 

565.  Temperature. ^Heat  and  cold. — -AH  bodies  receive  or  part 
with  heut,  as  their  conditions  change  from  time  to  time  ;  the  relations 
which  they  sustain  to  heat  at  a  gicen  moment  are  distinguished  by  the 
word  temperature,  which  term  implies  nothing  as  to  the  quaniity  of  heat 
present  in  a  body,  but  only  its  relation  at  a  specific  time  ^a  an  arbitrary 
standard. 

Heat  and  cold  are  relative  terms ;  cold  implying  not  a  quality  antago- 
niatie  Co  heat,  but  merely  the  absence  of  he.it  in  a  greater  or  less  degree. 
There  are  no  budies  so  cold  that  they  will  not  be  warm  to  bodies  colder 
than  themselves.  Our  sensations  give  us  but  little  evidence  respecting 
aotuiJ  ch.inges  of  temperature. 
If  ws  plaee  one  hand  iu  hot  and  the  other  in  oold  water,  and  then  suddcnlj 
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at  onoe  lereTaed ;  one  haad  nill  feel  cold,  and  tbe  tither  natm,  although  botk 
are  expojed  to  Che  lame  tflmperaturo. 

566.  Action  of  heat  on  matter. — Assuming  that  cohosinn  and 
haat  aro  counteracting  forces,  it  follows  that  the  three  states  of  matter 
are  effects  of  the  relative  intensities  of  these  two  agencies ;  and  heat 
being  a  repellent  force,  ita  increase  must  be  acooQipanisd  with  an 
enlargement  of  volome  in  either  of  the  three  states  of  matter,  while  » 
loss  of  Tolume  must  accompany  an  increase  of  moleoular  force,  or  a 
loss  of  heat. 

Many  familiar  facta  of  dally  experience  confirm  thia  statement.  All 
bodies  (with  few  esceptions)  expand  with  an  increase,  and  contract 
with  a  loss  of  heat.  The  expansion  may  be  measured  by  an  increase 
of  length ;  in  which  case  it  is  called  linear  expansion,  or  by  an  increase 
of  volume,  and  then  it  is  called  cubic  expansion.  The  first  measure  is 
commonly  used  for  solids,  the  second  for  liquids  and  gases,  but  the  first 
is  easily  converted  into  the  second  by  cubing.  Substances  vary  very 
much  in  their  degree  of  expansion  for  the  same  increase  of  temperature : 
Eotids  expand  teas  than  fluids,  and  liquids  less  than  gases. 

But  the  laws  of  expansion  will  be  better  studied  after  some  acquaint- 
ance is  obtained  with  the  nieansof  measuring  differences  of  temperature. 

I  2.  Ueaaurem  n  T  mpe  ature. 

I.    T 

567.  Thermometers .^The  emperature  is  accom- 
plished by  observing  the  amo  or  contraction  in  any 
substance  arbitrarily  assumed  he  purpose.  Such  an 
ioatrument,  whether  the  subs  d  a  solid,  a  liquid,  or  a 
gaa,  is  called  a  thermometer,  or  measure  of  temperature.  For  special 
purposes,  thermometers  are  constructed  with  either  solids,  liquids,  or 
gases.  In  much  the  greater  number  of  cases,  however,  mercury  is  the 
only  substance  employed,  not  only  because  of  its  great  range  of  tem- 
perature between  freezing  and  boiling,  but  also  because  its  changes  of 
volume  for  equal  changes  of  temperature  are  more  nearly  proportional 
to  the  temperature  than  those  of  any  other  liquid. 

56S.  Construction  of  mercurial  thermometers.— Thermometei 
tubea.^A  capillary  glass  tube  of  which  a  thermometer  is  to  be  made, 
should  be  one  whose  bore,  throughout,  is  of  the  same  calibre,  so  that 
equal  lengths  within  it  will  contain  equal  quantities  of  mercury.  The 
equality  of  the  bore  is  ascertained  by  causing  a  short  cylinder  of  met- 
eury  (say  one  inch)  to  pass  from  end  to  end  of  the  tube,  and  if  ii 
n  equal  length  throughout,  then  the  calibre  is  equal ;  other- 
.e  the  tube  is  rejected.    Only  about  one  in  six  of  thermometer  tubes 
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are  found  to  possess  a  canal  of  equal  bore.  A  proper  tube  having  bean 
selected,  a  bulb  (cylindrical  oc  spherical)  ia  blown  upon  it  by  means 
of  a  gum  elastic  bag  fitted  to  the  open  end.  The  breath  would  fill  the 
tube  with  moisture.  The  form  of  the  bulb  is  conventional.  A  cjlin- 
dricai  bulb  will  be  more  readily  affected  bj  the  temperature  of  the 
surroutiding  medium  than  a  spherical  one,  because  It  exposes  a  larger 
surface. 

Filling  the  tubo  -with  mercury  is  facilitated  by  tying  a  paper 


funnel  on  the  opeo  cod  of  the  tube,  oi 
is  employed  to  hold  a  portion  of  pure  mercury. 
As  so  dense  a  fluid  could  not  enter  a  capillary 
opeuing,  the  air  in  the  bulb,  D,  is  expanded  by 
tlie  Same  of  a  spirit  lamp,  holding  the  tube 
as  seen  in  the  figure.  As  the  air  expands,  a 
portion  of  it  escapes,  passing  the  mercury  in 
.   Allowing  the  bulb  D  to  cool,  the  pressure 


■ir.  C.  fig.  441, 


of  the  ai 


0    h 


pi        d 
pi   d  to  b   1 


n  forces  a  portion  of  the  mercury 


th 


wh       t  w 


1  b     f 


tl      t  m,         p)  t  Ij  fill  d  w  th  m  y    Th 

extremity  of  the  tube,  C,  is  then  drawn  out  to 
a  narrow  neob,  and  broken  off  preparatory  to 
sealing.  A  greater  or  less  portion  of  the 
mercury  remaining  in  the  stem,  must  now  be 
remoTCd,  according  to  the  range  designed  to  be  indicated  by  the  ther- 
mometer. This  is  accomplished  by  gently  heating  the  bulb.  When 
about  two-thirds  of  the  mercury  contained  in  the  stem  has  been  driven 
out,  and  while  the  stem  is  yet  full,  the  flame  of  a  blow-pipe  ia  directed 
upon  the  end  of  the  stem,  the  glass  mclta,  and  the  lube  becomes  her- 
metically sealed. 

569.  Standard  points  in  the  thermometer. — Q-raduation.—  As 
variations  in  the  height  of  the  merauria!  column  in  the  thermometer 
depend  upon  the  changes  of  temperature  to  which  it  is  subjected,  it  is 
necessary  ro  graduate  the  instrument,  or  construct  a  scale,  whereby 
may  be  inii'-iated,  and  the  temperatures   indicated  by 
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one  thermometer  compared  with  thoae  shown  1  y  an  r  If  tbero 
existed  3.  natural  zero,  or  absolute  limit  to  temp  tu  e  the  thermo- 
metric  scale  might  be  numbered  upwards  from  t  But  tl  e  s  no 
natural  zero,  and  therefore  the  thermometric  seal  mu  t  be  a  T  ary, 
although  based  upon  certain  well-determined  phy  al  pi  n  n  ena, 
Bsperiment  has  determined  that  the  melting  point  f  a  d  th  boil- 
ing point  of  pure  water,  under  certain  given  conditions,  are  always  the 
same,  and  these  points  (called,  reapeotivaly,  the  freezing  and  boiling 
points)  have  been  adopted  in  all  countries  a^  the  two  temperatures,  with 
o  which  thermometric  scales  are  constructed. 


like 


,ing  poll 


a  then 


I  Allon 


jrfroi 


COD  tain  ed  in  the  bulb  has  attaii 
is  marked  witli  a  diamond  poin 
previouslj  attaebed  to  tbe  tahi 
consequently  the  fteeiing  of  wi 
aion  n„  foT  the  centigrade  soole, 
Boiling  poiil 


riling  throDgh  A,  and  deseendiug  in  the  ciuteT  ressel,  is  shonn  by  the  ium», 
Eind  the  dmniiig  is  sn  emily  understood  as  to  need  no  description.  An  eqanllj 
(fficflcioui  (ipparaiua  may  be  made  by  UEing  a  chemical  fla?k,  in  the  elongatod 
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neck  of  whin,  ths  tbermomstcr  is  saspenfled  by  a  cork,  tbr  ugb  whicb  n  smsll 
gla^s  lube  Mima  also  ths  escape  of  the  steam.  The  stem  of  tbc  tbcrmometei  (t) 
Ib  adjusted  eo  that  the  poiat  a,  to  wbich  the  meccur;  rises  when  heated  to  tho 
lomporatura  of  boiling  water,  is  just  visible  abofe  the  corli.  This  point  ii 
defiultel;  marked  when  the  level  of  the  mercury  becomes  stationary,  thus  indi. 
catiDg  tho  boiling  of  water.     Let  this  poiat  bo  indicated  by  the  cipression  n^ 

This  temperature  T  is  equal  to  100°  C.  or  212°  F.,  wheu  the  barometric  pre«. 
euro  is  30  inches  (or  760  millimelrea).  But  as  the  temperature  of  ebullition 
TftTios  with  the  barometrio  pressure,  it  ie  plain  that  the  value  of  Twill  vary  with 
Ihe  height,  //,  of  the  barometer.  It  is  esscRtiat,  therefore,  to  ocouracy  in 
graduating  the  thermometer,  that  the  boiling  point  should  be  fixed  when  tb> 

equal  parts  as  there  are  designed  \f>  be  degrees  in  the  scale,  the  divisions  are 
eontiaued  both  above  and  below  the  fixed  points.  This  mode  of  graduation 
involves,  hnwever,  serious  errors,  some  notice  of  which  b  taken  in  |  676. 

570,  DiHerent  tbetmometric  scales. — Having  fised  these  two 
Btaadard  points  in  a  thermometer,  the  space  between  them  la  neit  to 
be  subdivided  into  a.  certain  number  of  equal  parts,  called  degrees. 
Unfortunately,  in  different  oountrleB,  this  interval  has  been  differently 
subdivided.  !□  scientiGo  researches,  the  Centif^ade  scale  is  almost 
exoluaively  in  use,  while  in  common  life,  in  the  United  States,  England, 
and  Holland,  Fahrenheit's  scale  alone  is  used- 
Fahrenheit's  scale. — In  the  Fahrenheit  scale,  the  interval  between 
the  boiling  and  freezing  points  is  divided  into  180  equal  parts,  which 
are  called  degrees.  The  zero,  or  0°,  of  this  scale,  is  32  of  these  degrees 
below  the  freeniag  point. 

I'ahrenheiC  adopted,  as  the  lero  of  his  thermometer,  the  temperature  which 
had  been  observed  at  Dantiic,  Holland,  in  1700,  and  whicb  ba  found  he  eouid 
always  reproduce,  by  using  a  mixture  of  ice  and  salt.  At  that  femperatura 
(which  be  believed  to  be  on  absolute  zero  of  cold)  he  computed  that  his  instru- 
ment contained  11,121  equal  parld  of  mercury,  which,  when  plunged  into  melting 

two  points  (viz.,  il,lofl  —  11,12*  =  32)  was  divided  into  32  equal  parts,  and 
83°  indicates,  therefore,  the  freeiing  point  of  water.  When  his  thormometer 
was  plunged  into  boiling  water,  Fahrenheit  estimated  that  the  mercury  was 
expanded  to  11,336  parts,  or  212  parts  above  his  zero,  and  therefore  212° 
(11,336  —  11,124=212)  was  marked  as  the  boiling  point  of  that  fluid.  In 
practice,  Fahrenheit  determined  the  boiling  point  of  water,  and  the  melting  po^nl 
of  ice,  and  then  graduated  the  lube  by  equal  divisions  to  his  zero.  To  Pahren- 
belt  belongs  the  merit  of  having  in  tioduced  the  use  of  mercury  in  thermometers, 

Centigrade  scale. — ^In  the  year  1742,  the  Swedish  philosopher 
Celsius,  professor  at  Upsai,  introduced  the  Centigrade  scale  (from 
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eenltint,  one  hundred,  and  gradus,  degree).  It  is  adopted  Lnivorsall; 
in  France,  and  in  the  north  and  middle  of  Europe.  The  nterval  be- 
tween tiie  freezing  and  boiling  points  in  this  scale,  is  divided  into  100 
eiiual  parte  or  degrees  ;  tie  degrees  being  counted  upwards  nni  down- 
wards, from  the  freezing  point  of  water,  which  is  zero.  The  tempera- 
tures below  zero  in  this,  as  in  all  thermometers,  are  indicatod  by  the 
negative  algebraic  sign — ;  those  above,  by  the  positive  algebraic 
nign  + ;  thus  —  20°  signifies  20  degrees  below  aero,  but  +  20°  signifies 
'2C  degrees  above  zero. 

Reaumur's  scale.— Reaumur,  a  Frencli  philosopher,  introduced  hia  scale 
in  1731.  He  ptopoaed  to  uso  spirits  of  wine,  of  such  a  strength,  tbat  between 
the  two  standard  pointa,  lOllO  parts  should  become  108B.  He  divided  the 
interval  between  these  points  into  80  equal  parts;  tbe  lero  being  plsced  at  the 
freezing  point  of  wslar.  Keaumur'a  thetmometer  was  the  only  one  used  in 
France  befiire  the  Great  Revolution  (a.  d.  1789);  it  is  still  best  known  in  Spain, 

All  thermometrio  scales  are  purely  arbitrary.  We  know  only  a 
small  part  probably  of  the  vast  possible  range  of  temperature,  and  we 
select  the  two  great  natural  phenomena  adopted  for  the  fixed  points 
of  our  scales  because  they  can  be  readily  verified,  and  because  the 
range  between  them  includes  the  temperatures  which  we  have  most 
occasion  to  measure  in  the  common  esperience  of  life. 

571.  Compaiisoa  and  conversion  of  thermometrio  scales, — 
The  scale  employed  in  a  thermometer  is  indicated  by  the  name,  or  by 
one  of  the  initial  letters,  F.,  C,  R.  The  degrees  of  one  thermometrio 
scale  are  readily  converted  into  those  of  another.  Since  180°  F.  ^  IOC 
C.  =  80°  B.,  therefore  1°  F.  =  j°  C.  =  J"  R. 

Ab  the  value  of  »  degree  in  Fahrenheit's  Ihermometar  is  greater  by  32  than 
the  number  of  divlaions  from  the  freeiing  point,  32  must  alwajs  be  subtracted 
before  tbo  +  degrees  of  Fahrenheit  are  converted  into  those  cf  tbe  other  scales, 
and  added  upon  tbe  oonversion  of  other  degrees  into  Fahrenheit. 

Easy  rules  for  mental  calculation  are:--lst,  to  convert  Centigrade  to 
Fahrenheit  degrees,  double  the  number  of  Centigrade  degrees,  subtract  one- 
tenih,  and  o,dd  thirty-two ;  or,  multiply  tlie  Centigrade  degrees  by  !-8  and 
add  32°.  And  concisely,  to  reduce  Fahrenheit  degrees  to  Centigrade, 
luMract  ?,2.°  from  ike  Fahrenheit  degrees,  and  divide  the  remainder  by  1-8. 

572.  House  thermometers.— For  common  use,  the  thermometer  is 
mounted  on  a  plate  of  brass,  ivory,  porcelain,  or  wood,  on  which  ihe 
degrees  are  marked,  as  in  fig.  444.  The  words  summer  heat,  blood  heat, 
fMd  fever  heat,  are  often  placed  opposite  the  points  68°,  98°,  108°  P. 

House  thermometers  are  usunllj  graduated  bj  comparison  with  a  standard, 
■od  not  bj  determining  tiie  two  fixed  points.  For  this  pui'pose  the  standard 
is  inimerfed  in  a  water  bath  with  the  tube  to  he  graduated,  and  a  number  aS 
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degree  on  Fahrenheit's  scale.     But  above  an 
little  rBliance  can  be  placed  on  it,  and  at  low 

degrees,  oyen  when  made  by  the  best  malcers 
Some  Ihermomaters  have  their  graduated  w 


nt  temperatures,  as  the  bath  slowly  ooola  from  boil. 
the  marked  points  are  divided  into  Gqnal  part?. 


BO  that  the  lower  part  may  be  tun 
Into  any  liquid  whose  lemporatuce  i 
Other  thermometers  have  their  sti 
surrounded  by  a  larger  tube;  the 
porcelain   strip,  or    a    rull  of  pape 


cd  hack 
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Teats  of  a  good  thermometer. — I 
■whether  a  thermometer  is  correct  or  rio 
into  melting  ice,  and  then  into  boiling 
the  mercury  should  indicate  upon  the  so 
212°  F.     When  inverted,  the  mercury 


curiai  column.  If  the  capacity  of  the  reservoir  ia  small,  and  the  glaas  bulb 
thin,  the  mercury  contained  in  it  will  be  more  rapidlg  affected  than  if  a  large, 
amount  wore  to  be  acted  upon.     A  cylindrical  reserroir  is,  therefore,  better  than 

The  two  kinds  of  seHeibilltj  indicated,  arc  obtained  in  a  thermometer  which 
has  a  small  cylindrical  reservoir  and  a  verj'  capillary  tube. 

573.  Displacement  of  the  zero  point.— One  source  of  error  in  the 
mercurial  thermometer  is  found  in  tlifi  displotcemeot  of  the  zero  point 
by  changes  aubsoqi-fnt  to  graduation.     If  a  thermometer  which  has 
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been  made  some  time  h  thrust  into  melliag  ice,  the  column  of  mercurj 
will  nut  sink  to  the  original  freezing  point,  but  will  remain  at  a  distance 
above  it,  Bometimea  as  much  as  two  or  three  degrees,  and  even  more. 
Mr.  Legrand  baa  found  that  the  cause  of  this  ahange  is,  that  tho  cajocitj  of 

after  a.  long  time,  somalimea  not  until  after  two  ot  three  years. 

tbe  bulb,  Hbioh,  when  not  truly  spberical,  aecma  U)  yield  elightly  and  in  a  gradual 

Tbis  defect  ma;  be  nycided  by  giring  the  bulb  a  certain  ttiiokuess.  Mr. 
Cricbtfln's  tbermn meters,  of  whicb  tbe  freaiing  point  has  not  altered  in  forty 
yeare,  nere  all  made  of  nuusuall;  tbjck  glass. 

Beljre  mating  important  observations,  therefore,  thermometers  should  be 
eisminod  as  to  the  position  of  their  freeiiog  point. 

574.  Limits  of  the  meroutial  tbennotueter. — Mercury  is  by  far 
the  most  available  thermometric  fluid.  It  may  easily  be  obtained  pure  ; 
it  does  not  adhere  io  the  sides  of  the  tube,  and  above  all,  it  has  a  greater 
range  of  temperature,  between  its  freezing  and  boiling  points,  thun  any 
other  liquid;  freezing  at  — 39''-2,  and  boiling  at  662°  F.  Between 
these  two  points,  its  expansion  for  equal  increments  of  heat  is  very 
regalap,  excepting  near  its  freezing  point.  Owing  to  this  last  irregu- 
larity, mercurial  thormomoters  cannot  be  accurately  used  for  tempera- 
tures lower  than  —  31°,  or  —  35°  C.  Above  the  boiling  point  of 
mercury,  beat  ia  measured  by  instruments  called  pyrometers.  For  very 
low  temperatures,  spirit  of  wine  thermometers  are  usually  employed. 

575.  Spirit  thermometers;  other  liquid  therm ometera. — Alcohol 
has  never  been  frozen,  and  is,  therefore,  generally  employed  for  the 
estimation  of  low  temperaturea, 

Thermoioeter  tubes  are  filled  with  alcohol  (which  is  generally  colored  red) 
by  heating  the  bulb,  with  the  open  end  of  the  tube  thrnBt  into  aloohol,  and  com- 
pleting tbe  proce<<s  in  the  manner  already  indicated  |56S).    The  tube  is  graduated 

t  m    temp      t  re        d  marking,  successively,  upon  tbe  alcoholic  thermometer, 

tb    temp      t  i  d  oatad  by  the  mercurial  thermometer  as  they  are  gradually 

h     lad      Th  1    h  I  c  thermometer  should  not  be   divided  into   equal  part* 

b  tw          h     f  g  point  of  water  and  its  boiling  poiat,  because  it  expnndi 
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01*11017  flulphurio  atber,  chlorid  of  ethyle,  and  bromid  of  methyie,  were  found  (v 

It  is  pliiiu  ftom  these  atatemenla  that  a  more  ocuurate  mudo  of  n-eosuimg  lo« 
tamperaturcs  is  one  of  tbe  desiderata  of  science. 

5T6.  Defects  inherent  in  mercarial  theimometers, — Besidca 
those  sources  of  error  in  this  inatrument  already  notiueJ,  theie  are 
otbora  mherent  in  the  nuture  of  the  materials  employed. 

As  glasB  and  mercury  expand  unequully  by  heat,  it  is  pltun  that  we 
read  in  the  meruurlal  column  cot  the  absolute  eipaDsioii  of  the 
mercury,  hut  the  diiferenee  between  its  eipaosion  and  that  of  the  glass. 
If  they  expanded  equally,  no  movement  of  the  mercurial  column  would 
be  perceived,  and  if  the  glass  expanded  more  than  the  mercury,  the 
latter  would  appear  to  fall  when  the  temperature  rose.  But  as  in  fact 
the  mercury  expuuds  nbout  seven  times  as  much  as  glass,  the  apparent 
expansion  of  the  metal  in  glass  it   about  one-seventh  less   than  ita 

Again,  it  ia  proved  that  the  expansion  of  mercury  for  equal  incre- 
ments of  heat  is  not  absolutely  equal,  but  increases  slightly  with  the 
temperature.  At  temperatures  between  freezing  and  boiling,  this 
increase  is  very  slight,  and  may  be  disregarded,  since  the  division  of  this 
distance  into  parts  of  equal  length  gives  the  degrees  a  mean  length, 
slightly  in  excess  for  the  degrees  near  freezing,  and  as  much  too  short 
for  those  near  the  boiling  point,  but  exact  for  the  intermediate  degrees. 
But  above  the  boiling  point  the  error  is  more  serious,  since  while  the 
degrees  have  the  same  length,  the  space  occupied  by  a  unit  of  mer- 
cury is  constantly  increasing,  consequently  the  degrees  become  too 
short,  and  the  thermometer  reads  too  high  a  temperature.  For  the 
easae  reason,  below  the  freezing  point,  the  thermometer  constantly 
indicates  a  temperature  higher  than  the  trae  temperature. 

The  error  here  pointed  out  could  be  easily  allowed  for  in  the  gradua- 
tion ;  the  coefficient  of  expansion  of  mercury  for  various  temperatures 
being  known.  But  this  correction  is  rendered  almost  impossible,  from 
the  fact  that  the  rate  of  expansion  of  the  glass  is  found  not  only  to 
increase  about  as  rapidly  as  that  of  the  mercury  (and  sometimes  even 
more  so),  but  to  render  thocaseyetmoredifficult,it  is  found  that  glass  of 
different  kinds  varies  in  its  rate  of  expansion,  and  the  same  glass  under 
different  conditions  may  also  vary. 

Regnault,  to  whom  we  are  indebted  for  these  data,  has  illustrated 
the  facts  by  a  series  of  observations,  the  results  of  which  are  shown 
in  the  following  table. 

He  has  shown  that  the  air  thermometer  may  be  relied  on  &« 
giviog  results  almost  invariable  and  exact.  His  form  of  this  instru- 
ment is  described  at  length  in  his  niemoir  befgre  quoted  (p.  220). 
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Swedish  glajB,  aad  "  yerre  ordiniure"  of  Paris.  The  last  curve  (correBpondiD 
to  column  fourth  in  the  table)  is  a  beautiful  lUuatcation  of  the  anomalies  md: 
cated  hy  observation  446 

5TT  Standard  thermometei  — The  aoavoidable  defects  m  /^ 
the  mprcural  the  nometer  ju»t  p  iitel  out  are  in  common "W 
natrunent?  greitlj  e^iggerated  bj  errors  ot  oonstriiction 
StiQ  lard  thermoD  eters  f  r  bc  ent  fio  purposfs  »re  conilructed 
w  th  a  B  lie  ejij,ra  ed  n  the  glas  as  m  fig.  446.  The  Uivisuras 
of  th  ^  scale  are  marked  by  a  d  d  ng  engine  on  the  surface  of 
a  00  er  ng  of  T^^n  sh  w  th  wh  h  the  tube  is  coated  preparatory 
to  et  h  ng  Ai  o  al  bre  s  al  olutely  uniform  in  any  glass 
tube  for  a  CO  s  leral  le  len^tl  tl  e  value  of  the  calibre  fur  every 
part  of  tl  e  tube  s  exactly  n  e'lsured  by  a  cylinder  of  mercury 
drawn  n  at  one  end  of  tl  e  open  t  be,  and  taken  so  short  that 
the  error  in  the  length  chosen  may  be  disregarded.  This  cylinder 
of  mercury  is  then  gradually  moved  from  end  to  end  of  the  tube 
by  the  force  of  air  from  ft  gum  elastic  bottle,  dividing  the  tube 
into  lengths  equal  to  the  successive  lengths  of  the  mercury 
column.  The  position  of  these  aueoessive  points  is  marked,  and 
each  of  these  divisions  is  then  subdivided  by  the  engine  into  an 
equal  number  of  degrees ;  varying  in  length,  of  course,  in  propor- 
tion to  the  lengths  of  the  several  cardinal  divisions.  These  gra- 
duations ate  then  etched  into  the  glass  by  exposing  it  to  the 
vapor  of  fluohydric  acid.  This  graduated  tube  is  then  soldered 
to  a  cylindrical  reservoir  prepared  of  a  siie  proportioned  to  the 
diameter  of  the  tube,  and  the  destined  range  of  the  thermomeler. 
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•nipty,  and  alao  wbon  coDtaining  a  oolumn  c 
thus  learn  the  woight  of  merourj,  ic,  occupy 

WB  obtain  A'-,  the  KtigliC  of  iqercurj  which  wili  fill  JV  divisiona  of  tho  tube, 
(lid  by  (98),  we  know  tbe  corresponding  .o!^».,  =  .V-^—  But  thi, 
poaod  themometer  must  nndergo  wUod  heated  from  0°  to  100°  C.     Now  tba 

y  '  u,      '  a 

W8  shall  have;     -  ==  N        ■     „     .  ana  F=  66^ — ■      If  the  reacr- 

65  »(Sp.er.y  n(5>,.(,>.) 

toir  is  apherical,  V  =  ^itD',  from  which  we  can  calculate  the  required 
diamelsT.  If  it  ia  cjliDdrieal,  V  =  {tlD^h,  From  which  the  approximate  leaglh 
of  h  is  calculated  when  the  diameMr  is  given. 

The  thermometer  thus  graduated  ie  filled,  and  the  fixed  puints  marked  as  alreud? 
deacribod  (5SS).    Its  scale,  of  course,  is  arbitrary,  and  may  be  reduced  oy  ealeu- 

of  divisiona  between  freezing  and  boiling,  which  we  eall  N,  aad  also  the  point  on 
the  arbitrary  scale,  corresponding  to  the  freezing  point  (0°  C).  Call  the  number  of 
dimions  below  this  point''',  the  degrees  centigrade  C°,  and  thoaeofthe  arbitrary 

I  DO 
■cala  A°.     We  then  have,  N=  ;00,  and  0  =  —  {A=  —  d").   Suppose  there  are 

379  divisiona  on  the  arbitrary  scale  between  Ihe  filed  points,  and  the  freezing 
point  is  the  14Tth  division  ^om  the  bottom,  and  it  Is  required  to  know  to  what 
temperature  the  303d  division  corresponds  in  Centigrade  degrees,  we  shall  have 
C  =3  j!|g  (303—147)  =  41'16.  Every  such  thermometer  has,  of  course,  iti 
own  equation;  a  table  is  readily  calculated  for  ita  convenient  use. 

Svery  good  standard  bSiS  both  the  boiling  and  freezing  points  included  in  its 
fange.  The  cavity  a,  fig.  446,  is  designed  to  allow  for  any  sudden  expansion 
q[  the  mercury  abore  the  limit  of  the  seale,  to  avoid  the  fracture  of  the  Inet^a- 
mant.  Similar  expansioos  are  olleo  introduced  at  particular  points  on  Cbe  stem, 
to  avoid  undue  length  in  the  stem  when  a  long  range  is  required.  The  whole 
Spate  in  this  ease  ia  dislribnted  between  several  tbermo meters,  and  the  ewellingg 
■0  placed  aa  to  cover  in  each  caae  the  range  of  the  preceding  instrument.  It  ia 
thus  possible  to  divide  each  Centigrade  degree  into  twenty  or  mote  parts. 

madinm  whose  temperature  we  aeek,  but  when  ttis  ia  not  possible,  a  correction 
may  be  calculated  by  a  formula  which  our  space  requires  us  to  omit.  (See 
Cooke's  Chemical  Physics,  p.  444.) 

578.  Maiimum  ai;d  minlnnun  thermometera. — It  is  often  desir 
able  to  ascertain,  in  the  absence  of  an  observer,  tlie  highest  sod  lowesi 
temperature  of  the  night,  or  of  any  other  interval  of  time.  This  maj 
be  done  bj  the  emplojment  of  what  are  called  niasinmm  and  rainimum, 
or  Belf-regietering  thermometers.  One  of  the  most  eimple  instruments 
of  this  kind  was  inreated  bj  Rutherford,  and  ia  reprusented  iu  fig. 
447- 
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ifl  maximum  thsrmomster.  A,  contiLiDs 

um  thermometer,  B,  aontains  aloohol.     In  the  tube  of  the 

ece  of  eteel  (seen  at  A)i   nben  tbe  mercury  expands,  it 

Fore  it,  but  wben  the  fluid  recedes  lownrd  the  hulb,  the  wire 

The  Eteel  Is  tbua  left  at  the  extreme  point  to  nbieh  the 


and  indicat 
sed.     the> 


9  the 


of  the  enamel  ia  not  aj 
but  by  contraction  it  i 
attraotion  of  the  part 
enamel  is  left  at  the  I 
senta,  therefore,  tlie  ui 


low  the  surfaoe  of  the  liquid.  The  position 
usion,  because  the  alcohol  readily  paeses  it; 
nith  the  column  of  alcohol,  by  the  cohesive 
at  the  surface  of  the  column.  Thus  the 
which  the  column  baa  retreated,  and  repre- 


(6.)  Negretti  and  Zambta'a  maximum  thermometer. — A  slight 

citation  given  to  Rutherford's  masimum  thermometer  will  often  cause 
the  steel  index  to  heoorae  immersed  in  the  mercury,  which,  upon  ex- 
panaion,  will  pass  by  the  eteel,  and  thus  the  inatrument  will  fail  to 
fulfill  the  purpose  for  which  it  was  desifined.  This  source  of  error  ifl 
avoided  in  the  use  of  Ncgrotti  and  Zamhra'a  instrument,  fig.  448. 


A  imall  rod  of  glass,  a  I    la    ntroducel  intu  the  thetmumeter  tube  nhich  ti 
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.  of  the  tul 

r,  by  ei 


When 


11  fo™ 


instrm 
I  way  pt 


t  the  ab9ti 


of  the  particles  of  merourj  fo  each  other  will  prevent  the  column  ftom  passing 
the  tod.     The  estremity  of  the  anlumn,  r,  will  therefore  indicate  the  highest 

lt»t  in  this  form  of  instrument  the  mercury  does  not  move  steadily,  hut  by  jetks. 
(c.)  TValferdin'B  masimmn  thermometer. —The  upper  part  of 
the  tube  of  this  inKtnimout,  fig.  449,  terminating  with  a  small  449 
orifice,  is  aurrouoded  by  a  reservoir  which  contains  mercury. 
When  the  instrument  is  to  be  used,  it  is  first  heated,  whereby  thp 
merourj  rises  in  the  tube  and  flows  over  into  the  reservoir ;  450 
it  is  then  inverted.  The  elongated  point  of  the  tube  thus  '^ 
dips  into  the  naerLurj  of  thp  re'iervoir  It  is  now  espised  ^ 
while  inverted  to  a  loner  temperature  than  the  one  to  be  ^Li- 
determined  During  this  coolii  g  the  tube  will  remain  full 
because  its  pumt  dips  into  the  reservoir  of  nieriurj  The 
instrument  is  n>w  pla  ed  in  its  proper  poaiti  n  and  it  11 
evident  that  as  the  temperature  riies  a  portion  of  meiLury 
wil!  pass  out  of  the  full  tube  into  the  re-erv  ir  ami  th  1 
portion  w  11  be  greiter  as  the  tpmperature  is  higher 

To  determine  afterwards  the  highest  temperature  to 
which  it  has  Uen  ex|OBed  it  is  o<  mpared  with  1  stani 
ard  thermometer  Both  being  plaied  in  a  waiei  I  ith 
gradually  heated  the  temperature  indaated  by  the  stani  ird 
thermometor  la  o1-served  wl  tn  the  mermridl  culumn  I  as 
risen  to  the  top    f  the  tube  tf  thp  mnsimum  thermtmetir 

579  Metastatic  theimometer  —  Walferdin  has  ap- 
plied the  same  pr  noiple  to  the  t  nstruotion  of  a  ther 
mometer  designed  t)  ind  tate  vpry  smill  differences  tf 
tempeiature  In  tliia  instrument  fig  450  the  reserv  ir 
and  calibre  of  the  tul  e  are  very  small  bo  that  the  inhtra 
ment  is  extremely  sensitive  t    small  chinges    f  tempera 


The  bulb  B  corresj  onda  to  the  reaorv  r  m 
below  this  bulh  the  capillary  tube  Buddenlj  cc 
graduated  int  parts  of  equal  capai^ity  each  of  1 
gree.     In  using  this  thermomete 


fig    iil      J  a 


nenhat  higher  than  the  oi 
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Bstim.ite :  tha  position  of  tba  level  of  tiie  mercury  in  the  tube  is  then  notsa.  The 
thermometer  in  next  Eubjected  h>  the  medium,  irhoso  tempera,tHre  is  to  be  eatU 
niiited.  Suppose  there  is  a  difference  in  the  level  of  tie  mercurial  column  in  tba 
tiro  eases,  of  18  divisions  at  the  arbitrary  scale,  and  if  300  of  these  divisions  are 
equal  to  one  degree,  then  the  differenee  in  temperature  must  be  ,1^  of  a  degree. 
Walferdin  has  employed  thermometers  of  this  kind  which  indicated  one  one- 
huadredth  (^J^)  and  even  one  one-thouaandtii  {j^ggj  of  a  degree.  Centigrade, 
(jV  ""^  sij  of  I-  '3«gree  F.).  By  causing  more  or  less  mercury  to  flow  into  the 
opper  bulb,  differences  in  temperature  may  be  estimated  for  different  pointf  on 
the  scale.  A  single  thermometer  of  this  description  may  take  the  place  of  a 
scries  of  thermomotors  with  a  fractional  scale. 

680,  Breguet'a  metallic  tbermometet, — This  instrument,  remark- 
able for  the  extreme  eensitiveneas  of  its  indications,  depends  upon  the 
unequal  expansion  of  different  metals ;  it  is  repre^nt«d  in  flg.  451. 

Strips  of  platinum,  gold,  and  silver,  after  being  soldered  together  through- 
out their  whole  length,  are  rolled  int         

which  is  then  formed  into  a  spiral,  i 
upper  extremity  of  this  hclii  ia  fixe< 
and  to  the  lower  end,  at  right  angles 
a  needle,  moving  over  a  graduated  ci 
"le  dial  of  a  watch.     The  silve 

msible  of  the  three  metals,  forms  th< 

ilii;   the  platinum,  which    is   the 

rms  the  outor  face,  and  the  gold,  which 

ediate  expansibility,  is  included  be- 

feen  them,  and  moderates  theireffeels. 
When  the  temperature  rises,  the  silver, 

takes  place  when  the  temperature  ia 
id.  This  thermometer  is  gradu- 
ated bj  comparison  with  a  standard 
meronrial  thermometer.  The  instru- 
ment is  particularly  useful  when  very 
rapid  variations  of  temperature  are  to  be  detormined.  Another  form  is  some- 
times given  to  it.  The  compound  ribbon  being  bent  into  the  form  of  a  letter 
n,0fle  of  the  extremities  is  fixed,  and  the  other  is  left  free  to  move.  By  means 
of  a  lever  and  toothed  wheels,  the  movements  which  changes  of  temperature 

581.  Sazton's  deep  sea  metallic  thermometei.— Mr.  Joseph 
Saxton,  of  the  United  States  Coast  Survey,  has  adapted  the  principle 
of  Breguet  b  metill  o  thermometor,  to  the  construction  of  on  instrument 
Dj  wh  h  n  n  era  s  very  accurate  observations  have  teen  made  upon 
the  te  npera  ure  of  the  sea  in  deep  soundings.  Silver  and  plfltinum 
forn  tl  e  o  npound  spiral,  iind  its  torsion  is  registered  hy  an  index, 
moved  by  n  ult  plv  i  5  wheels,  and  carrying  forward  a  tell-tale,  or  stop- 
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haoii,  to  tbe  lowest  temperature  attained.  This  inatrument  has  been 
some  yeara  io  use  for  deep  sea  eoundiugs,  with  the  best  results.  A 
small  correction  in  the  readings  is  made  (not  exceeding  one  dej^ree 
for  600  fathoms)  proportionate  to  the  depth  of  the  sounding. 

The  term  pjcometer  is  sometimes  applied  to  instruments  intended  ia 
measure  changes  of  dimensions  in  bodies  at  low  temperatures  by  the 
expansion  of  solid  rods  ;  such  is  ;— 

582.  Saxtoa'B  refleotrng  pyrometer. — In  the  measurement  rf  the 
base  lines  of  the  larger  triangles,  in  the  survey  of  the  coast  of  the  U.  S., 
the  greatest  accuracy  is  required.  These  lines  are  sometimes  forty  orfifty 
miles  in  length.  An  instrument  constructed  by  Saston,  under  the  direc- 
tion of  Prof.  Baohe,  accomplishes  this  object  perfectly. 

(heir  cross  section  aa  to  eqaaliae  their  differences  of  specific  teat  and  conducti- 
bility,  while  their  unequal  expansions  compensate  for  each  other,  and  prcscrra 

with  two  bliiut  knife  sdgesi  one  immovable,  the  other  forming  the  shorter  end 

of  length  inthbhhggth  Ip  fthm  g 

denoe  of  the    h     g     to  h  wh         j        pi  cad    t     Is!        p    d       led 

towards  the  m  whl  ii  th  tw     tj  fi      th  i  h    f  h 

Bcale  is  magn  fid  tffr4  bt         fhf  hlg 

mw         th  hddlh  dhf  h  bt         tmllth 

m         i  Ij  re    1      It  d         bl     th      d  g  f  m      t  m  ght  b 

g  re      d      Th         mpl         d  b       tif  1         t  has       p        d  d     11 

m  Ij  It     w     f  nf      E       d       f       y  1     gth      It  tijy 

aff    le  b  m  1     g    by    hang        f      mp  tb    w        q    le 

pre         a        d    t  tt       b      m      th    m    t  f    t    m  m  Ih 

m  go  d      1    f         dm  m     t 

583    Wedgewood  a  pyrometer.^The  range  of  the  mercurial  ther- 

m  m  'i  limited  by  the  boiling  point  of  mercury ;  higher  tempera- 

a      measured  by  the  effects  of  heat  upon  solids  with  instruments 

dpy    meters. 

The  celebrated  English  potter,  Wedgewood,  invented  the  first  pyrometer  used, 

founded  upon   the  coniratlion  which   clay  undergoes  when   eipoaed   to  high 

temperatures.     He   assumed   this   contraetion  to  he  as  much  greater  as   the 

depends  rather  on  the  duration  than  on  the  intensity  of  the  heat,  and  is  much 
modified  by  the  partioular  sort  of  clay  employed. 

5S1.  Daniell's  pyrometer  is  an  instrument  capable  of  exact  mea- 
surements of  high  temperatures  by  the  espansion  of  a  bar  of  platinum 
encased  in  a  sheath  of  black  lead.  The  bar  and  its  case  are  adjusted 
both  before  and  after  the  experiment  to  a  measure  which  indicates  on 
B  graduated  arc  the  degree  of  expansion.  The  degrees  of  temperature 
ue  then  oalcuiated  from  the  known  rate  of  espansion  of  platinum. 
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565.  Diaper's  pyrometer. — This  inatrument  registers  its  results  by 
the  espansiim  of  a  little  strip  of  platinum,  heated  (in  fi-ee  air)  bj  a 
measured  current  of  voltaic  electricitj. 

The  platinum  strip  is  eonnect*d  with  the  short  end  of  a  lever,  wtosB  longer 
limh  murks  upon  ft  graduated  are  the  degree  of  espanaion.  With  this  delleate 
instrument,  Prof  Draper  conducted  a  aeries  of  experiments  npon  the  tempera- 
tures Bt  which  bodies  become  visibi;  red,  in  the  darli  aud  in  diffused  light,  the 
temperatures  being  determined  from  the  ooefficienl  of  expansion  in  the  several 
metals.     (Am.  Jour.  Soi.  [2]  IV.  3B8.) 

586.  Eatlmation  of  vety  high  temperatures.— Aucording  to  Bun- 
sen's  oali;ulation8(G«someti'j,  p.  236-243),  the  temperature  of  a  hydrogen 
flame  burDing  in  free  air  is  3259°  C.  (=  5898°  F.),  and  of  olefiant  gas 
5413°  C.  (=  9775°  F.).  Since  it  is  probable  tbat  at  high  temperatures 
the  radiating  power  of  a  body  for  heat  is  proportional  t<j  its  radiating 
power  for  light,  we  are  in  ptssession  of  the  mein'!  if  comparing  the 
intensity  of  glow  of  a  coil  of  platinum  heated  in  a  furnace  or  m  a 
stream  of  lava,  with  the  glow  fi-om  a  IiU  cnil  heated  in  a  flame  of 
known  temperature,  and  thus  approximalely  <t  eotiiiating  the  tem 
perature  of  a  furnace  or  of  a  i  l"'iino 


IV    1 
-This 


587.   Thermos  00  pea. 

(Txoir^iu,  tfi  see]  is  applied  to  n 
small  differences  of  temperati 
Air  tbeimometers, — As  i 
quickly,  it  is  often  used  where  slight  and  sudden 
s  of  temperature  are  to  be  ol  'son  ed      The 


d/pi  Tj    leraperatare    and 

nenta  designed  to  iniicate 

neasure  them  in  decrees 

and  expinds  uniformly  and 


irderg  e 


contractions  and   expansions  whii-h   i 

are   rendered   visible    by   the   moien 

causes    in    liquids.      Such   inetruiien 

called   air   thermnmetera,  but   are   ni 

founded  with  the  form  of  air  therm  mt 

by  Regnault  whn,h  is  the  m  st  ai,corate  n 

of  temperature  yet  made  known      The  results  in 

the  first  column    in    the   table   on   )     404   were 

obiiined  by  the  air  thermometer  here  alludfd  to 

iome  notice  of  which  will  be  found  in  the  secti  n 

en  expansion. 

The  simplest  air  tberm 
flg.  iB2,  and  is  often  called  the  thermun 
torius,  an  Italian  philosopher  of  the  ITth  ceatury  It  is  a  bulbed  lute  fillei) 
with  air,  having  for  an  iodei  a  drop  of  oolared  liquid  in  the  stem  at  A.  The 
movements  of  the  index  show  the  variations  of  temperature,  Anolhet  form  of 
the  tuioe  jnslruiient  is  represented  by  Ug.  4^3.    The  eitiamity  of  the  tube  resU 


o 


; 


.meter  is  that  repre.ented  bj  vj 
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ihe  varying  pressure  of  the  fttraosphere,  and  they  serve  V 
only  aa  means  t  r  the  ill  istrotion  of  principles  in  the  ^ 

(a.)  Iieslie  s  differential  thermo 
meter.— This  inalrament  fig  4j5 
avoids  the  ohjeUion  to  the  pen  air 
theruionieter  It  was  u^ed  by  Le^he 
in  his  expenmeDts  on  ntdiant  heat 
imd  consists  of  a  two-bulbed  tube  filled 
■with  air,  bent  twice  at  right  angles.  It 
flontaius  a  coluniD  of  sulphuric  acid  in 
(he  stem,  which  stands  at  the  same 
height,  if  both  bulbs  are  equally  heated,  but  if 
the  other,  the  difiference  is  seen  in  the  unequal  height  of  th 
as  shown  in  the  figure. 

(6.)  Howard's  differential  thetntometer,  fig.  >lo6,  c 
and  the  vapor  of  ether,  in      458  457 

place  of  oommoa  air.  It 
is  bj  far  the  most  sensitive 
instrument  of  its  class.  It 
was  invented  bj  Professor 
Howard,  of  Baltimore,  in 
1819. 

(c,)Rumford'sthermO' 
scope,  fig.  457.  is  an  instru- 
ment resembling  Leslie's, 
and  like  it,  contains  air.  The  horizontal  tube  is  longer,  and  the  bnlbs 
larger,  than  in  Leslie's,  and  a  abort  column  of  sulphuric  acid,  n,  sepa- 
rates the  two  masses  of  air,  and  by  its  motion  orer  a  scale  of  equal 
parts,  serves  to  indicate  differences  of  temperature, 

58S.  THeimo- multiplier. — By  far  the  most  delicate  of  all  means  of 
measuring  small  variations  in  temperature,  is  the  thermo-multiplier,  or 
thermo-eleotrte  pile  of  Nobili  and  Melloni  Its  indieati  ns  depend  on 
the  pr  duetion  of  electric  currents  by  small  changes  of  temperatare. 
It  was  with  tlis  matrument  that  Melloni  oodu  te3  (he  remarkable 
aeries  of  rescaruhPa  on  ti  e  tran'Jmission  ind  rad  at  n  if  heat  whic^h 
are  noticed  in  tl  e  r  apf  ri].ri  ito  x  late   firtl  cr    n 
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589.  Linear  expansion.—PyroineterB.— The  general  f;ict  of  the 
expansion  of  bodies  by  heat,  has  already  been  stated  in  J  566.  Linear 
aipansion,  or  expansion  in  a  single  direction,  is  illustrated  by  the 
apparatus  seen  in  fig.  458.     A  metallic  rod.  A,  securely  held  by  a  screw 


t,  the  rod 


the  exact  admeas- 


at  the  end,  B,  is  heated  by  the  flame  of  an  alcohol  lamp.  The  espan- 
Bion  ia  shown  by  the  movement  of  the  index,  K,  over  the  graduated 
arc,  occasioned  by  the  pressure  of  the  fore  end  of  the  rod  agai 
short  end  of  the  index.  At  the  beginning  of  the  experimi 
A  is  adjusted  by  the  screw  B,  so  that  the  index  stands  at  aero ;  as  the 
rod  cools  the  index  returns.  Rods  of  various  metala  and  alloys  may  be 
used  for  comparison.  Such  an  inBtrnment  is  called  apyrometer;  but 
it  has  no  acientific  value,  being  replaced  by  instruments  of  far  greater 
delicacy.  Those  named  in  §§  582,  584,  and  585  are  examph 
accurate  application  of  linear  expansion  of  solids  fi 
urement  of  changes  of  temperature. 

590.  Cnbioal  expansion  in  solids  may  be  shovm  by  the  apparatus, 
6g.  459.  The  ring  of  metal,  m,  allows  the 
ball  of  copper,  a,  merely  to  pass  through 
it  at  the  ordinary  temperature.  If  the 
ball  is  heated,  it  expands  in  all  direc- 
tions, and  will  then  no  longer  pass 
through  the  ring,  but  rests  upon  it,  as  is 
shown  in  the  figure.  As  the  ball  oools, 
it  gradually  returns  to  its  original  dimen- 
sions,  and  agwn  passes  through  the  ring 
as  before. 

Different  solids  expand  unequally,  but, 
for  the  most  part,  uniformly,  in  all  directions,  and 
nal  dimeniions  on  cooling. 


their  origi 
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Thara  are  some  exeeptioaa  to  this  general  statement.  Wmd  eipanda  and 
contracts  more  in  the  breadth  of  ita  fibres  than  in  their  length ;  an.l,  when  it 
ia  considerably  heated,  it  eonlrauts  permanently.  Clay  also  ooatraets  perma- 
nently by  heating,  and  becomes  litrified;  new  ehemical  compounds  being 
fofmed.  Tbe  particles  of  had  slide  o»er  each  other  during  espansion,  and  do 
not  return  again  on  enoljng  (o  tbeir  original  position.  Lend  pipea,  which  coo- 
Tey  hot  water  or  steam,  become  permanently  elongated ;  and  the  leaden  lininga 
of  bath-tubs  and  cislema,  which  receive  hot  water,  become  gathered  into  ridges 
from  thia  cause. 

Relation  between  cubical  and  linear  expansion.— The  lineiir 
and  cubical  espansion  in  any  homogeneous  solid,  is  bo  related,  that, 
by  the  same  elevation  of  temperature,  its  length,  breadth,  and  depth 
will  be  increased  in  the  same  proportion.     Thus: — 

If  a  solid,  heated  to  a  certMD  temperature,  increases  in  length  one  one-thoa- 
aandtll  of  its  original  length,  ita  aurface  increaaea  two  one-thousandths  of  ita 
original  area,  and  ita  volume,  three  one-thouaandths  of  ita  origioai  bulk. 

Thia  theoretioal  view  is  found  to  be  nearly,  but  not  quite,  true,  in  fact. 

Expansion  of  oryatala.^ — Crystals  of  the  monometrio  system 
(154,  a),  like  common  salt,  fluor  spar,  &o.,  eipand  equally  in  all  direc- 
tions. In  thia  syateia,  all  the  crystallogenic  axes  are  equal,  and  at 
right  angles  to  each  other.  In  crystals  of  all  other  systtms,  the 
espansion  ia  the  same  in  only  two  directions  (dimetrie  system,  154,  6), 
or  it  is  different  in  all  three,  depending  upon  the  position  of  the 
crystallogenic  axes  to  each  other.  The  amount  of  espansion  in  some 
crystalline  compound  bodies,  e.  g.,  fluor  spar,  aragonite,  sulphate  of 
barytes,  quartz,  &o.,  is  found  to  be  greater  than  in  metals,  contrary  to 
the  generally-received  opinion. 

591.  Coefficient  of  expansion.— The  small  gain  in  lengtb  in  a  rod 
I  foot  or  1  metre  long,  when  heated  from  32°  to  33°  F.,  or  from  0'  to  1° 
C,  is  called  its  coefficient  of  linear  oipanaion. 

1.  Coefficient  of  linear  ei^ansion.  If  the  length  of  the  bar  is  I,  at  the 
temperature  of  33°,  its  length  at  33°  ia  I  +  IK,  composed  of  its  original 
length,  I,  and  a  small  fraction,  IK,  variable  with  the  substance  eiperi- 

If  the  rod  is  Carried  ancoessively  through  the  scale  of  temperatures,  it  gains, 
at  each  degree,  a  new  elongation,  which  eiporiments  show  to  be  nearly  conatant, 
and  equal  to  IK,  so  that  if  the  rod  is  elevated  from  32°  F.,  to  1  degrees  abovo 
32-  F.,  its  total  gain  in  length  ia  espressed  by  IKl,  and  its  new  length,  !„  in 

I  +  IKl,     or,  i,  =  ;  (1  +  Kt). 

At  any  other  temporatnre,  i',— thia  eipreasion  becomes,  (,'  6  =  ;(1  +  ^i'),  and 
if  the  value  of  k'  (any  teraperature  above  32°),  ia  sought  in  terma  of  /t,  Wo  writs 
mpproximalely,  (,'  =  /,  [1  +  JT  {('  -  I)]. 

The  eoefficjents  of  expansion  for  some  of  the  most  frequently  occur- 
ring solids  is  given  in  Table  III.,  in  terma  of  the  decimal  system. 

2.  The  coefficient  of  enperficial  eipn.mon,  ia  obtained  from  the  eipres- 
liaai  for  linear  expansion,  by  subslitnling  S  and  S,  for  I  and  /,;  thus:— 
„,     =    B    (1  4-2ffl)."I>"e2ffr6places  A'intbeformulaforiincareipanEion. 
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).  Tht  coeffif^mt  of  cubic  ecpnnsJon,  is  tho  BDinll  fraction  of  ils  Tolamo, 
by  vhich  a  solid,  liquid,  or  gn?  is  inareased  when  beated  from  32°  »  3S°  P. 
AfiBuming  the  espflnsion  to  be  proportionnl  to  leniperatura,  we  must  admit  tbs 
Tolume  V  nt  I  dci^reea  and  at  32  degrees  (o  be  proportional  to  the  cubes  of  tbeir 
homologOBB  diioenaioiiB.  Bj  the  eame  reiiBoning  as  before,  we  have,  therefore, 
the  formula ;  V  =  V  {\  +  3^1),  by  which  the  inoreaaed  volume  (  V)  of  any 
maaa  of  matter  may  be  calculated  when  the  value  of  V,  i,  and  K  tre  known. 

The  coefScient  of  cubic  expansion  may  olao  be  deterraiaed  accurately  from 

Let  (Sp.  Gr.)  and  (Sp.  Gr.)'  represent  the  specific  gravities  of  any  Eoiid  at  the 
IBO  temperatures,  (  and  I';  let  IVbe  the  weight  of  the  solid  under  trial,  Fitii 
rolume  at  33°,  and  K  the  eo-cfficient  to  bo  found  ;  then,  since  by  the  last 
Bipresaion,  we  know  the  value  of  the  aolid  at  t"  aod   l'°,  F  (1  +  SfiTl),  and 

r(l  +  SK,'.)  w.  have  from  ^  99  iSp.  G.)  ^  yj^^^^JJ^y  -^ 

{Sp.    Gr.')  =: 7~rr'      ^''^  yaiae  of  the  oo-efficient  of  cubic  oipansioD, 

is  obtained  from  the  reduction  and  combination  of  these  two  equatjorn 
Th  K^      iSp.Gr.)-iSp.Gr.y 

Z{Sp.Gr.y,--ii{Sp.Gr.),-' 

This  coefficient  may  also  be  obtained  from  the  appacent  eipanaion  of  mercury. 

It  is  plain  that  all  questions  relating  to  the  eipaneioii  of  ealids,  may  be  solved 

by  these  enpressions,  when  the  value  of  £  is  known;  and  that  this  quantity 

limits  do  not  permit  the  description  of  the  various  meaua  by  which  the  linear 
expansion  of  solids  has  been  mensured.  In  the  researches  of  Lavoisier  and 
Laplace,  a  bar  of  the  substance  under  eiamination  was  heated  in  a  naler-bath. 

expansion  of  the  bar,  and  causing  a  movement  observed  in  a  telescope  attached 
to  the  lever,  as  already  described  in  J  5S2,     The  expansions,  from  32"  to  212°, 

The  capacity  of  hollcw  vcsaela  is  increased  by  the  expan* 
Bion  of  their  walls,  to  the  same  amount  whieh  a  solid  mass  of  the 
same  material  and  volume  would  espand  by  a  like  change  of  tempera- 
ture. Ileuce  it  ia  easy  to  calculate  from  the  known  co-efficient  of  glass, 
ot  any  other  substance,  the  changes  of  eapaoitj  of  hollow  vessels. 

The  amount  of  expansion  In  solids,  between  freezing  and  boiling, 
is,  after  h11,  but  a  very  small  fraction,  being,  for  zinc,  which  is  the  most 
expansible  of  all  metals,  only  one  three-hundred  and  fortieth  of  ita 
length ;  while  glass  expands  only  about  one-third  of  this  quantity,  for 
a  like  change  in  temperature  (1  in  1248).  The  order  of  the  expansi- 
bility of  metals  and  glass  is  as  follows,  commencing  with  the  most  and 
ending  with  the  least  expansible; — zinc,  lead,  tin,  silver,  brass,  gold, 
uopper,  bismuth,  iron,  steel,  antimony,  platinum,  glass. 
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This,  it  is  worth  wliile  to  remark,  is  also  very  nesrij  the  order  of 
iiompressibilitj  of  the  eame  sulistanees. 

Ice  ia  more  dilatable  than  zinc,  in  the  ratio  of  j^,  to  jjg.  The  oon- 
traction  of  ice  bjr  cold  has  been  observed  for  30°  or  40°  below  tlie 
freezing  point. 

The  most  espansible  solids  are,  in  general,  the  most  fusible,  ;.  g., 
ice,  zinc,  &c. ;  while  the  least  expansible  metal,  platinum,  is  also  the 
least  fusible ;  but  in  other  cases  this  oomparison  faiis. 

The  hardness,  ductility,  and  other  physical  properties  of  the  metals, 
appear  to  sustain  no  relation  to  their  espansibility. 

592.  The  latlo  of  expansion  Incieasea  vritix  the  tempsiatnre. — 


Between  32°  and  212°  F.,  the 


f  espansioi 


ia  solids,  is  hardly  appreciable  ;  but  for  high  temperatn 
becomes  a  considerable  quantity.  Regnault  has  determined  the  mean 
coefficients  for  glass,  when  blown  in  hollow  vessels  between  zero  C.  and 
the  following  temperatures — the  coefficients  being  in  each  case  ten-mil- 
lionths  of  the  whole : — 

Coefficients.       K   —  2  b      2=^4      2J1      2ns        Oj      313 

Temperatures,  C        100°     150°     200°     2jU°     '0U°    ujO° 

This  increase  ia  the  coeffiuents  of  espan'i  nn     f  bodies  by  r  se  in 

temperature,  is  probably  due  to  the  distanue  let  vceu  the  pirt  cles  aug 

menting  with  the  heat      Their  mutual  ohe'iion  is  thus  mere  readily 


In  the  case  of  glass,  whi  h  haa  bnen  m 
solid,  it  appears  from  tiie  reeults  of  Eegna 


rods,  oxpauds  more  than  in  the  torm  f  tnbL:?  and  that  great,  and  auddeD 
changes  of  temperature,  as  ia  maliing  a  thermometer  (573),  may  vary  the  co- 
effioiont  of  expansion,  owing  probably  to  slow  moleenlar  obaoges  iu  the  glass. 

593.  Amount  of  force  ezerted  by  ezpansion.— The  enormous 
force  exerted  by  an  expanding  or  contracting  solid,  may  be  conceived 
by  estimating  (from  the  coefficient  of  elasticity,  |  161)  the  power  requi- 
site to  produce  an  equal  change  of  length  by  compression  or  by  traction. 

Assuming,  in  round  numbers,  the  coefficient  of  elasticity  of  iron  at 
S12°  =  21,000  kilogrammes,  a  bar  of  iron,  one  metre  long,  expands 
0-0012  m.,  if  heated  fi'Om  32°  to  212°  F.  Therefore  a  bar  of  iron,  one 
square  inch  in  sectiou,  raised  from  the  temperature  of  freezing  to 
boiling  water,  eipands  with  a  force  of  35,S47  pounds;  or  it  exerts  a 
force  of  I99'15  pounds  for  every  degree  Fahrenheit  that  its  tempera- 
ture is  elevated. 

When  a  bar  of  iron  one  inch  square  has  its  temperature  changed 
13°  F,,  its  espansion  or  cuatrai:tion  eserts  a  strain  equal  to  one  tor 
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weight ;  and  if  varied  from  10°  to  90°,  a  eommoD  change  from  winter 
to  summer,  it  expands  with  a  force  of  ahout  seven  ttns. 

The  force  of  coatraction  in  a  cooling  solid,  is  cqnol  to  tbc  force  of  ezpanifioa 
Hhen  it  ia  heated.     Thia  force  is  con  Stan  tlf  used  in  Oie  arte. 

The  noils  of  an  arched  galler;  in  the  Muaeum  of  Arts  and  Trades  in  Faria, 
having  bulged  outwards  by  the  weight  of  tha  arch,  4gQ 

Molard  placed  a  series  of  iron  bars,  fig,  ■161),  through 
the  wall,  secured bj  nats  on  the  outside.    The  i' 
t  heated  by  c" 


they 


.hen   they   i 
d  firmly  up  be 


snded, 


the  bara  coaled, 
their 
The  other  half  of  the  burs  were  in 
like  manner  healed  and  cooled  ;  and,  hy  a  series 
of  auoh  operations,  the  walls  were  gradually  bronght 

adopted  in  tbe  Catbedral  at  Armagh,  and  in  a  store- 
bouse  in  Providence,  R.  I. 

■Wheelwrights  and  coopers  make  iron  tires  and  hoops  a  little  smaller  than 
the  wheel  or  barrel  for  wbiob  they  are  designed  i  these  are  applied  in  a  healed 
state,  and  quenched;  as  they  contract,  they  bind  the  parts  firmly  together.  The 
■  18  of  tbe  driving-wheels  of  locomotive  engines,  are  shrank 


ray.     Rail 


loflen   c 


allow 


ction  of  the  heavy  rims  and  lighter  arms,  or  the  latUr 
would  be  brokea  at  the  hub,  or  rim,  en  cooling.  The  sume  precaution  is  requi- 
site  in  all  castings  where  heavy  and  light  parts  are  united.  Boiler-plates  are 
riveted  together  with  red  hot  rivets,  which,  on  cooling,  draw  tbe  plates  logelbet 
more  firmly  than  any  other  meaua  could  do.  When  the  stopper  of  a  bottle 
slicks,  it  may  usually  be  withdrawn  by  healing  tbe  neck  of  the  bottle  with  a 
Bpirit-lamp,  or  with  a  cloth  dipped  in  warm  water.  The  neck  is  thus  eipanded, 
and  the  stopper  is  released. 

594.  Commoa  phenomena  produced  by  the  expansion  of 
sollda. — In  every-day  life  may  be  seen  numerous  phenomena,  caused 
by  the  expansion  and  contraction  of  substances  by  variations  in  ten, 
perature. 

A  stove  snaps  and  crackles  when  the  fire  is  lighted,  and  again  when  it  li 
le  unequal  expansion  and  contraction  of  the  different 


The  pitch  of  a 


oo-forl 


supporta  them  ;  and  for  the  reverse  reason,  the  pitch  is  raised,  if  the  room  ig 
cooled. 

Nails  driven  into  wood  often  become  loose ;  Ibe  eipanaion  and  conlraotioa  of 
the  nails,  tbrongb  variations  of  temperature,  gradually  enlarging  the  boles. 
A  gale  in  an  iron  railing  may  be  easily  shut,  or  opened,  in  a  cold  day,  but  only 
with  difficulty  iu  a  warm  day,  because  the  gate  itself,  and  tbe  surrounding  rail- 

Aatronomieal  in alrumenta,  placed  on  elevnlod  buildings,  are  aometimes  sensibly 
deranged  by  the  expansion  of  tbe  walls  exposed  to  the  aun.  Iron  and  platinnrt 
wires  may  be  successfully  soldered  into  glass,  because  their  mutual  expansibility 
dilTera  I'erj  little,  while  silver,  gold,  and  copper,  similarly  treated,  crack  out  ai 
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595.  TJiiequal  expansion  of  solids  — Breguet  -  tl  ermometer 
already  dpicribed  (5S0),  ie  a  beautiful  example  of  the  applitatun  jf 
Duei^ual  expansioD  to  measurement  of  temperatures. 

If  a  compound  bar  of  iron  and  copper,  secured  together  bj  rivets, 
fig.  461,  is  heated,  the  copper  ex-  *B1 

panding  more  than  the  iron,  ~ 

bar  is  thernby  curved,  a^  seen  in  m  i 

fig.  4616,  to  accommodate  the  ir- 
regularity of  length  reaulting.    If    i 
this  compound  bar  is  cooled  below  the  temperature  at  which  the  two 
nret^H  were  united,  it  curves  in  the  opposite  directiou. 
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59G.  Compenaating  pendnlums. — The  letigth  of  a  pendulum 
alone  determinos  its  timea  of  oscilJation  (82).  A  difference  of  one 
one-hundredth  of  an  inch  in  a  Hecoods  pendulum  would  cause  a  clock 
to  vary  eleven  seconds  in  twenty-four  hours,  and  a  difference  of  60°  F, 
produces  this  effect. 

In  ordinary  clocks,  this  defect  in  the  length  of  the  pendulum  ia 
remedied,  by  raising  or  depressing  the  hall  at  the  end  of  the  rod  bj 
means  of  it  screw.  Pendulums  in  which  this  defect  is  remedied  by  ft 
self-adjusting  arrangement,  are  called  compensaliyig  pendulums.  The 
compensation  ia  effected  by  the  unequal  expansion  either  of  mercury 
and  glass,  or  of  different  metals. 

Hairiaon'o  6rid'''0'i  compenBating  pendnlnm,  fig.  462,  is  one 
of  those  most  commonly  employed.  The  Inrge  weight  at  the  bottom 
of  this  pendulum  is  supported  by  a  aeries  of  rods  of 
brass  and  steel  arranged  in  alternate  pairs.  The  middle 
rod  is  of  steel,  and,  like  all  the  other  ateel  rods,  is  shaded 
in  our  figure.  The  cross-pieces  connect  the  two  systems 
of  rods,  alternately  at  top  and  bottom,  in  such  a  way 
that  while  the  expansion  of  the  steei  rods  lengthens  the 
pendulum  the  expansion  of  the  brass  rods  shorten?  it. 
The  length  of  the  pendulum  ia  plainly  the  sum  of  the 
length  of  the  steel  rods  less  the  sum  of  the  braes  rods  (the 
supporting  crotchet  being  added  to  the  length  of  the 
steel  rods),  each  pair  of  rods  being  reckoned  as  only 
one  rod.  In  order  that  the  length  of  the  pendulum 
should  remain  invariable  with  changes  of  temperature, 
it  is  obyious  that  the  expansion  of  the  two  syotpms  of 
rods  must  exactly  balance  each  other.  i 

To  delermine  the  lengtli  of  rods  required  to  effect  Ihis,  let 
L  naA  I  be  (be  lam  of  the  lengths  of  the  Btenl  and  bra--'  rods 
reapeefivelj,   nnd   K  and   K'   their  respective   coefficients   of 
expansion.     Then,  if  ifae  amonnt  of  ejipansiDn  in  both  sjateraa  is  equ. 
will  equal  IS'.     But  since,  at  London,  the  length  of  the  seconds  pendi 
39'1405«  inches  (82|,  it  follows  that  L  —  l  =  3914056  inches. 

If,  therefore,  we  take  from  Table  HI.,  the  valnes  of  K  and  K',  and  c 
tbese  two  equations,  we  shall  £nd  the  respective  lengths  of  L  and  L 


— ,  X39i4056in 


-X  3914056  ir 


Dut  tbe  position 
langtb  of  the  peodi 
nn  changed.     Hence 


I,  may  vary,  nithough  the  r^enstble  li 
essitj  of  adjusting  the  position  ani 
mgth  ot  the  rods  is  flpproximalely  a< 

In  aiataatn's  compenBating  pendulum,  fig.  i6z,  the  i 
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d  by  a  glass  vessel  cenl, 


length  ca 


10  ordinary  weight 
a  metallic  atirrup.     When  the  terapcrature  riaea,  the 

nd  the  marenry  also  expanding,  rises  in  the  glass. 

msatioD  in  this  instrnment  is  not  qnite  perfect,  since  the  p 
the  centre  of  grarity  (which  remains  unchanged  by  the  conalruc 
Hon)  does  not  entirely  coinoida  with  the  centre  "f  oaciUation,  on 
which  the  virtual  lengtli  of  the  pendulum  dejonds 

Mr.  He  mi  Roberta'  compeoBating  pendulum  is 
remarkable  for  its  extreme  simplicity.  The  rod  of  the  pendulum, 
flg.  4S4,  is  of  platinum,  and  supports  at  its  loner  end  a  disk  of 
lino.     Tha  cantre  of  gravity  of  this  dish  will  4K5 

always  bo  preaerved  at  ti 
tha  point  of  suspen 
platinum  rod  ia  equal  to  that 
of  tha  line  disk ;  this  condition 
isohtainad  when  the  radius  of 
tha  disk  is  equal  to  one-third 
of  the  length  of  the  rod. 

Martin's  compensa- 
ting pendulum  is  a  com- 
pound bar  of  iron  and  copper 
■oldered  together  thronghout 


louEth,  a 
Tersely  upon 
rod,  fig.  J6a. 
being  the  moa 

placad  halow  tha  iron.  When  the  temperature  rises,  and  the  centre  of  oscula- 
tion is,  by  the  e:tpansion  of  the  pendulum,  removed  to  a  greater  distacFe  from 
the  point  of  suaponsion,  the  copper,  eipanding  xoore  than  the  iron,  bonds  the 
rod  into  the  cnrve,  m/ni,  whereby  the  metallic  balls,  <n  m,  at  the  eitreraities  of 
the  rode,  are  rused,  and  being  brought  closer  to  the  point  of  suspension,  compen- 
sata  for  tha  Increased  distance  of  the  weight  of  the  pendulum  from  that  point. 
If  the  temperature  is  lowered,  the  rod  bends  into  the  curve,  m'em',  and  the 
bMIs  are  lowered.  These  halls  are  of  such  a  size,  and  placed  at  such  a  position 
upon  the  compound  bar,  that  the  eantro  of  oaciUation  is  not  displaced  by  yaria- 

Compensattng  balance  wheels  of  ^ratcliea  and  chronometeiB 

t      tedp  ly        Ih    il        fM  rt        j     d  1  m      Th    balanaewheel 

fwth  wthh        e.ftm|  — hd       t  fan  oscillation 
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11.    EXPANSION  OF  LKjriDS. 

697.  General  statement.— All  liquids  expand  by  heat  more  than 
BoUds ;  thus  mercury,  the  least  espansible  of  all  liquids,  expands  more 
than  zine,  the  most  expansible  of  alt  solids. 

The  rate  of  expansion  in  liquids  ia  not  ao  uniform  as  it  is  in  solids, 
and  especially  near  their  points  of  solidification  and  vaporization  they 
are  suljeot  to  great  irregularities. 

598.  Apparent  and  absolute  expansion.— We  have  already  (576) 
noticed  the  fact  that  it  is  only  the  apparent,  and  not  the  absolute,  espan- 
siijn  of  mercury  which  is  road  in  the  thermometer.  It  ia  plain  that 
in  any  iase  the  absolute  explosion  of  a  liquid  must  be  th  m  f  t 
apparent  expansion,  and  of  the  increased  capacity  of  the         t  g 

yessel  (591)  at  the  given  temferature      Either  two  of  thea      i       t  t 
being  known,  the  third  can  he  Liloulated 

The  absolute  expansion  (t  mcrLury  being  tne  of  the  mo  t  mp    ta  t 

constants  in  physics   ani  one  on  which  many  others  depe  d  1  as  been 

d  "     d      Ih  tl  t    t  ao      acy      This  determination  was  origi- 

D  an  onfirmed  and  corrected 

m  R 

ta  m  ends   on   the   familiar 

p  of  liquid  columns  in 

gu    Qj  mg  f  the  specific  gravities 

m                        ff  To  determine  this  point 

ra  lied  with  mercury,  and 

^  ar              ctively  exposed  to  the 

th  s  may  be  exactly  mear 

T  ffi                    pansion  for  each  tem- 

^ji^  y  means  of  the  apeciflo 

gra 

ff  (Sp.  Or.)  the  height  and 

„  H  the  height  and  speciao 

H  <-.)  =  H'  (Sp.  Gr.y.    Let 

rourj,  and  by  691  and 

e  value  of  K,  obtained 


The  mean  ahaolnte  espanBion  of  mercury  was  by  this  method  found  by  Dulong 
and  Petit  to  be  between  32°  and  212"  F.  for  1"  F.,  K  =  jg^o  =  0-0001001. 
This  number  has  beoo  correetad  by  the  later  reBearebes  of  Kegnault  10 
£-=000010085  for  eoch  degree  of  Fahrenheit's  aealo;  or,  fir=  0-00018153  for 
each  degree  Centigrade. 
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599.  Correction  of  the  observed  height  of  the  barometer  for 

temperature. — As  the  volume  acd  density  of  mercury  vary  with  the 
temperature,  the  height  of  the  mercurial  column  in  a  barometer  varies 
notoaly  with  changes  of  the  atmospheric  pressure,  but  also  with  changes 
in  temperature.  Before  comparing  barometric  observations,  therefore, 
made  at  different  times,  it  is  neoessary  to  reduce  the  observed  heights 
of  the  meroarial  column  to  the  height  they  would  have 
temperatuire. 

Tba  principles  eauBciUed  iD  the  last  section  ( 
Ing  valne  for  the  lieighC  of  tbe  baromeler  reducci 


o  obtain  the  foUon 


9U16 


lag  the  degrees  I 


B=H'  —  H-  ,  when  1  ia  given  in  degrees  of  the  Centigrade  scale. 

6508  +  l'  ^  ^  * 

The  true  height  of  tbe  barometer  ia  therefore  to  be  obtained  by  subtracting 
the  oorreetion  from  the  observed  height  when  the  tempetature  ia  above  tha 
freeiing  point.  There  is  also  a  small  oorteetion  to  be  made  for  the  expansion 
of  the  scale,  nbich  for  prcaent  purpoasa  ma;  bo  oeglected. 

600.  Apparent  espanston  of  mercury. — The  apparent  expansion 
of  mercury  in  glass  ia  readily  determined  by  means  of  the  simple 
apparatus,  seen  in  fig.  467,  consisting  only  of  a  glass  tube,  t,  drawn 
out  into  a  narrow  neck,  which  is  recurved  so  as  to  dip  conveniently  into 
the  cup  c.  The  weight  of  the  empty  tube  is  first  taken,  and  it  is  then 
filled  with  mercury  in  the  manner  described  in  |  568 ;  taking  care  t« 
espel,  by  continued  boiling,  the  last  traces  of  air  and  moisture.  The 
tube  and  'is  contents  are  then  cooled  to  32"  F.  by  immersion  in  melting 
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ice,  ihe  point  o  being  liept  constant);  beneath  the  mercury  in  t.     It  is 
then  weighed  again,  and  thus  by  deducting  the  weight  of  the  empty 
tube  we  learn  the  weight  ( W)  of  the  mercury  it  containa         46T 
at  32°.     Lastly,  it  is  exposed  to  &  constant  temperatur' 
(say  of  2i2°  F.,  see  fig.  443),  and  the  weight  of  the  escaping 
mercury  [(o)  ascertained.   The  weight  of  the  mercury  wl 
fills  the  tube  at  f  is  therefore  W —  vs.   From  these  data  the 
coefficient  of  apparent  expansion  ia  calculated. 

reight  of  metcurj,  repreaentfld  by  W  — 


it  32", 


W— 


-.    Nob 


The  volume  of  the  weight  IC  —  mi 


A  similar  mode  of 
of  apparent  expanelon 


reight  of  m 


ia  therefore  P  =  — 


morcurj  is  known  with  the  grealcst  aceoracj,  it  follows  that,  hy  an  application 
of  the  reagoniag  in  this  section,  we  have  the  means  of  delennining  the  coofflcient 
of  expansion  in  glass  and  other  solids. 

601.  Amount  of  ezpanaioa  of  liquids  .^Liquids  expand  very 
unequally  for  equal  increments  of  heat ;  the  law  of  their  espaneion 
has  not  been  fully  determined.  Generally  the  most  expansible  liquids 
are  those  whose  boiling  points  are  the  lowest.  Those  whose  boiling 
points  are  high  have  usually  a  small  but  very  regular  expansibility, 
especially  at  temperatures  much  below  their  boiling  points. 

The  rate  of  expansion  in  all  liquids  increases  with  the  temperature, 
but  it  varies  with  each  substance  according  to  laws  not  well  understood. 

Between  32°  and  212°,  mercury  expands  1  in  55,  water  1  in  21'3, 
snlphurie  acid  1  in  17,  alcohol  1  in  9  -[-,  &c.     See  Table  IV. 

The  statflmeot,ia  the  first  oditinn  of  this  worlt,  that  in  many  liquids  of  analo- 


e  expansibility  of  liquids  ia  not  in  proportion  to  their  density,  but 
ire  nearly  the  inverse  of  this  than  in  any  other  known  ratio. 
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602.  Expansion  of  liqaids  above  their  boiling  points.—  The 
late  researches  of  C,  Driun*  show  that  the  coefficient  of  espanaioQ  in 
liquids,  above  their  boiling  points,  increases  at  an  accelerated  ratio,  and 
eveo  surpasses  the  coefficient  of  expansion  in  gases.  Aa  long  siice  aa 
1835,  Thiloiicr,  in  his  memoir  on  liquid  carbonic  acid,  states  that  Ihia 
liquid  expands  between  0"  and  30°  C.  (32°  to  86°  F.),  four  times  aa  much 
as  air  etpands  for  the  same  rang©  of  temperature,  being  as  ^Jf  ^°''  ^^^ 
liquid  gas  to  ^^  for  air.  Twenty  volumea  of  liquid  carbonic  acid, 
between  32°  and  86"  F,,  become  therefore  twenty-nine  volumes. 

Liquid  sulphurous  acid,  and  cyanogen  present  the  same  apparent 
anomaly,  as  well  as  certain  fluids  found  in  the  minute  cavities  of  topaz 
and  quartz  crystala. 

The  experiments  of  Drlon  were  made  on  ehlorid  of  ethyl,  sulphur- 
ous acid,  and  hyponitrie  acid. 

Curves  of  expansion  of  liquids. — The  variation  in  the  expansion 
of  liquids  may  be  graphically  represented  as  in  fig,  408.    The  diagram 


a  the 


'  the 


expansion  of  six  liquids.  In  each 
ease  lOOO  parts  of  liquid  are  taken 
at  212°  F.     The  horizontal  linos 


n  the  right  band.     The  line  A  indicates  the 
B,  that  of  water ;   0,  for  alcohol ;  D,  for  wood 
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;  G,  for  ordinary  ether. 
I  (at  104"  F.),  1000  par 


ind  fori 


either 


603.  The  amoant  of  force  exerted  in  the  expansion  of  liquids 
la  enormous ;  being  equal  to  the  mechanical  forco  required  to  conipross 
tlie  expanded  liquid  into  its  primitive  volume. 

Thns  the  expansion  of  mercurj'  for  10°  P.,  ia  0010035.  Its  compressibility 
for  a  single  aOoosphere  is  -0000053.  Therefore  the  flmount  of  force  required  to 
restore  tbe  mercury  U>  its  origiaal  bnlk,  after  healing  it  lO"  F.  ia  equal  to  190 
stmoapheres  (100S5  -;-  53  =  190),  or  2850  poands  pressure  to  a  aquaro  inch. 
Oning  to  this  enormous  force  exerted  during  eipaaeion,  cloaed  vessels  filled 
with  liquid,  however  atronj-  they  may  be  made,  burst  when  heat  is  applied, 

K  Aun.  de  Ch.  et  de  Fhya.  1S59. 
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604.  Ezpansion  of  -water. — Water,  which  presents  bo  many  re- 
markable esceptions  in  its  phjaical  liistorj,  docs  so  in  no  respect 
more  than  in  the  singulir  irregularities  observed  in  its  eapanslun  foj; 
equal  increments  of  temperature  between  32° 
and  212°.  Its  total  expansioQ  for  this  range  is 
bj  no  means  large,  while  its  coefficient  of  ex- 
pansion is  found,  by  an  examination  of  Table 
IV.,  to  be  smallar  than  that  of  any  liquid 
except  that  of  mercury.  The  expansion  of 
water,  which  is  irregular  through  the  whole 
range,  from  freezing  to  boiling,  is  eapeoiallj  so 
between  32°  and  40°  F.  While  ali  other  liquids 
are  most  dense  at  their  freezing  points,  the 
maximum  density  of  water  occurs  sorae  degrees 
aboie  that  point  {Z'^°  1  F  )  and  above  or  below 
this  temperature  it  espauds 

Mamnum  density  of  water  —To  lUuatrate 
by  e^i  enmenl  thi'"  "igoal  eiceptiun    n  Tfater  to  the 


ie.-ured  w 


of  water  Btanda  at  some  o  nTcnient    ] 
eoflle  of  equal  parte      It  is  then  set  in 
(below  freeiing)    and  the  lu«=  uf  temp, 
ealfid  bv  the  fall  of  the  o  lumn  of  water    is 
acoorately  noted  by  a  mercurial  Ihermometer  . 
the  figure  plated  within  the  flaih      Whea  tb  i 
perature  reaches  about  42°  P.  (6°  C.)  the  fall 

bereaboota  (4°  C).  it  is  s 


.pidly  a 


falls,  until  it  reaches  32°  (or  even  lower,  if  the  apparatus  ia  ke( 
If  the  apparatus  ia  filled  with  water  Dear  the  temperature  of  mi 
>nd  placed  in  a  warmer  room,  ne  have  evidence  of  the  converse, 
markablo  fact,  that  eipansion  equally  occurs,  whether  we  heat  0 
These  reaulta  are  somewhat  obscured  by  the  ejtpaosion  of  the  glass;  b 
few  degrees  above  and  below  38°,  the  density  of  water  is  nearly  Bniform 
At  the  moment  of  frceiing,  water  expands  about  ten  per  pent,  of  its 
uratua  here  figured,  by  ajel  rfV 


Owing  to  the  difficulty  of  oompeneating  She  errors 
of  the  e.ntuning  vessels,  tbe  point  of  maximum  deu^ 
■bsolute  accuracy.  Hassler  ussntned  it  at  3933  F.  i 
value  of  the  United  States  standards  of  measure. 
French  unit  of  weight  at  40°  P.  (4-5  0.),  and  Dea| 
Sflo-2  or  40  c.    Tbe  later  researches  of  PlUcker  ai 


volved  iu  I 


r  reduced  it  to 
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88°-81i  but  it  is  agreed  bj  phyalcisi 

13  to  a^Bume  4°  C,  or  3e'>-2  .F. 

,asrev(08ent. 

ing  the  true  point  of  miinLmum  dena 

ity  for  watar. 

The  apparatna  Bhown  in  fig.  470, 

aorvce  well  to  illuatrate  the 

efi'eot  of  thii 

vera.     A  glass  jar,  around 

the  central  part  of  which  is  fitted  i 

i  metollio  vesael,  c,  is  pro- 

viled  aboTO  and  halow  with  two 

delioate  thensometers  /f. 

enleriog  the  aides  of  the  jar  horiat 

(Dtallj  by  openknga  drilled 

't^ 

for  that  purpose.     After  filling  the 

jar  with  water,  a  freeiing 

misturo  of  ise  and  salt  is  placed  in 

c,  which  rapidlj  cools  the    j 

inne  to  indicate  nearir  the  € 

same  temperature  until  the  water  is 

cooled  to  39"-2  P.,  when  it    K 

will  be  obaervad  that  the  lower  the 

rmom=ter  remaiuB  at  that   1 

point,  while  th                       ■   d- 

11             t             fl 

it  finally  re 

The  Bxp 

cooled  by  th 

4 

while  other 

a 

in  turn.     T 

the  whole  o 

e 

below  this 

er 

the  lakes 
although  c 


th 


surface,  hut,  being  a  very  had  conductor,  it  cuts  off  the  escape  of  heat 
from  the  water  below,  and  this  renders  the  freezing  process  a  very  slow 
one.  In  fact,  a  film  of  ice  mnj  bo  likened  to  a  blanket,  which,  although 
of  itself  cold,  becomes  a  moans  of  preserving  heat  by  cutting  off  ra- 
diation. 

Lahe  Superior  has,  uniformly,  throughout  the  year,  the  temperatnre  of  about 
40°,  at  a  ahertdiatanoe  below  the  surface;  and  the  deep  3i  


■   If  'ft 


H  the 


pure  B-ater      T       torn 
eaaoua  of Ih 

Masimum  dens    y  of  d  ffe  e; 
[ion  of  va  w  h 

maiimum  d         y      T  h    p 

is  25°.70.     T       p  m 

rapidly  th  u 
quantity  of        dis       ed 
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The  volume  of  water,  at  dlSereut  tempetatutea,  has  been  de- 
termined bj  sevevai  espe  rim  enters,  and  the  results,  according  to  Kopp, 
are  given  in  Table  XXIV.,  with  the  corresponding  specific  gravities, 
both  when  taken  at  32°,  fur  the  unit  of  volume  and  densitj,  and  also 
»t4°C.  (39''-2F.). 

m.  — - 


;. — Gases  and  vapors,  being  under  the 
d  having  little  cohesion,  e;spand,  for  ecf\iii\ 
more  than  either  solids  or  ordinary  liquids. 


605.  General 
influence  of  repulsion,   ai 
increments  of  heat,  much 
(Compare  ^  602.) 

Tbe  expansion  of  air,  and  of  all  gases,  maj  be  shown  by  plunging  the  ipon 
end  of  a  bulbed  tube  into  natcr;  a  slight  elevation  of  temperature,  even  tbe 
heat  of  the  hand,  will  expand  the  air  in  the  bulb,  and  cause  a  part  of  it  to  escape 
in  bubbles  through  the  water.  And  wbeu  the  source  of  beat  is  withdrawn,  the 
riselif  Iho  water  in  tbe  tuba  indicates  the  amount  of  expansion  (604). 

606.  Qay  Iiiissac's  laws  for  the  expansion  of  gases  by  heat. — 
Gay  Lussac  was  the  first  to  discover  the  general  laws  of  the  expansion 
of  gases  by  heat.  The  gases  on  which  he  experimented  were  not  freed 
from  moisture  ;  but  tbe  laws  which  he  deduced  are  remarkable  for  their 
great  simplicity  and  general  accuracy,  considering  the  state  of  experi- 
mental science  at  that  tJme  (a.  d.  1805).     They  are  as  follows  ;— 

Ist.  AU  gaaea  have  the  same  eoefficienl  of  expansion  as  common  air. 

2d.  Tlie  coefficient  of  expansion  remains  the  same,  whatever  may  be  the 
pressure  to  which  the  gas  is  subjected. 

These  laws  like  the  laws  of  Marietta  ("74)  though  sufBcientiy  accurate  for 
ordinary  purposoa    are  fo  nd    by  the  mure  cumilete  experiments   of  modern 

607.  Results  of  Regnault  s  ezperimenta  upon  the  expansion 
of  gases. — \  ery  vtiluable  eiperiments  were  made  by  Dulong   and 

loent  and  complete  investigation  if  the  expansion 
conduuted  by  Kegnault  In  all  his  experiments, 
sperimented  upcn  were  completelv  deprived  of 
ults  qf  hi'i  expenmenfs  are  contained  in  the  fol- 


Petit,  but  the 
of  gases  by  heat  ■* 
the  different  gaoei 
moisture,  and  the 
lowing  tables  — 


32°  A 


.  2ir  F    (JAJ.IK). 


0«s... 

Uud.rCon«taut  Volume, 

under  Co-steutiw™, 

Hydrogen 

Oxyd  of  Carbon    .     .     . 

Protoiyd  of  Nitrogen    . 
Sulphurous  Acid    .    .     . 
Cyanogen     ..... 

0-3863 

0'3667 

0'3fi76 
0.384S 

fl-3670 

0-3651 

0  3710 

0-3903                  [ 
0'3B77 

db,  Google 


428  PHYSICS   OP  IMPONDERABLE 


From  this  table  it  appears  that  the  coefficients  of  expansion  of  those 
gaees  which  liave  never  been  condensed  to  liquids,  are  verj  nearly  the 
same  as  air ;  while  the  ooefBcionta  of  the  condeoaible  gases,  carbonio 
acid,  sulphorous  acid,  and  cyanogen,  are  considerably  greater,  and  the 
greaMr  in  proportion  as  they  are  more  readily  condensed  into  liquids. 
Each  gas  has  two  coefficients  of  eipansion, — the  coefficient  of  eipan- 
eion  fur  a  constant  volume  being  less  than  for  a  constant  pressure,* 
except  in  the  case  of  hydrogen,  in  which  the  reverse  takes  place.  This 
agrees  in  a  remarkable  manner  with  the  fact  (276)  that  hydrogen  alone 
is  less  compressible  than  (he  law  of  Mariott*  would  indicate. 

It  is  further  shown,  by  the  experiments  of  Regnault,  that; — 

1st.  The  coefficients  of  expansion  are  very  nearly,  but  not  absolutely, 
the  same  Jar  different  gases, 

2d.  The  coefficients  of  expansion,  for  different  gases,  vary  morefrom 
each  other  in  proportion  as  the  pressure  to  which  they  are  svigected  is 
increased. 

3d.  The  coefficients  of  expansion  for  all  gases,  except  hydrogen,  increase 
with  the  pressure  to  which  they  are  sulQecied,  and  this  increase  is  most 
rapid  in  those  gases  which  deviate  most  from  Mariotie's  laui  (276). 

4th.  For  ordinary  cahulaiions,  under  the  pressure  of  the  atmosphere, 
the  coefficient  of  Kcpafision  for  all  gases  may  be  considered  as  0-3666 
between  the  freezing  and  boiling  points  of  water,  or  fi-,  of  the  volume  at 
32°,  for  each  degree  of  Ibhrenheil's  scak. 

For  aocuralo  soientiile  pnrposes,  the  coefficient  of  expansion  of  every  gm  oon- 
lidored  mast  bo  taken  from  the  tables  given  for  that  purpose. 

Table  V.,  Appendii,  gives  the  coefficients  of  eipansioa  of  common  gases 
oniier  varying  presaurcs. 

608.  PormulEe  for  compntlng  changes  of  volume  in  gases.— In 
physical  researches  it  is  often  desirable  to  ascertain  the  increase  or 
decrease  in  volume  which  a  given  gas  undergoes  by  measured  differ- 
ences in  temperature.   This  is  easily  done  by  the  following  furmulse  :— 

Lei  Frepresent  the  volume  of  the  gas  at  32°  F„  V  its  volume  at  the  higher 
temperature,  and  I  the  number  of  degrees  between  32"  and  the  higbor  tempera- 
ture     The  inoreaso  in  the  volume  will  therefore  be  expressed  by  V  —  V.     And 

V 
(ince  the  increma  in  volume  for  1°  P.  is  fc-enerally  — ,  the  iucreaae  tor  th« 


imperature  '^  TTTj  X  '■ 


"{'+»)■ 
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M  irbioh  it  is  reduced,  and  —  its  diminution  for  1"  F,,  then  lie  diminadon 
toT  the  lower  temperatute  will  be  ~  X  ',  »n<l  T'-  '"  =  i^  X  '■ 
Therefore,  V  ^  V  f  1  — t^V 


MuKiply  the  difference  between  the  ntimber  of  degrees  of  lemperature 
andZ'l°,  by  the  coefficient  of  expansion  of  the  gaa  (for  ordinary  purpoaea 
this  coefficient  equals  1  divided  by  491),  Add  the  quotient  to  \,  if  the 
temperature  be  above  32°,  and  subtract  if  from  1,  if  it  be  below  32°. 
Midiiply  the  number  thus  found  by  the  volume  of  the  gas  al  32",  and  the 
product  will  be  the  volume  of  the  gas  at  the  observed  temperature. 

609.  Foimnlse  expreEsing  general  telatlon  bet'n'een  volnme, 
tempeiatuxe,  and  presBure  — -The  volume  which  a  gas  oocupiea  de- 
pends not  onlj  on  the  t«mperatute,  but  also  npon  the  pressure  to  which 
it  IB  Bubjected  (274);  the  pressure  of  a  gaa  being  inversely  as  th« 
volume  info  which  it  is  eomprpssed 

As  the  Tolume  of  a  gas  at  the  same  lemperature  is  inrersel;  as  the  pressare, 
if  7  and  V  be  two  tolumcs  under  the  sama  lemperature,  and  under  th«  prea- 
anroa  i*  and  P' ;  then, 


r  :  r  =  P'  :  P,   and  F 

If  (  and  (' 

e<preaa  the  number  of  degrees 

the  temperatu 

ualj  subjected  to  ctanges  of  temj 

tion  betiFoen 

ite  volume,  pressure,  and  temper! 

■yXjr: 


expressed  by  the 


610.  Relation  between  expansibility  and  compressibility.— 
It  has  been  found,  generally  thit  the  nuat  ei[  aniiiHe  1  quids  are  thi 


Solids  espand  less  than  liquids  and  are  likewise  les^  compressible, 
while  liquids  have  a  less  exj  aniibility  and  comprci'ibil  tj  than  gases. 
Among  solids,  the  most  expansible  are  generally  the  most  easily  com- 
press ed. 

The  expansibility  of  a  subatauLe  in  ret  eg  w  th  the  temperature,  as 
does  also  its  compressibility 

611.  Density  of  gases  — The  den  itv  f  ga  ca  anl  vipors  is  com- 
pared with  atmospheri(.  air  as  the  standard  air  beu  g  called  1,  or  lOOl* 
80 
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The  method  for  the  deter  mi  nation  of  the  density  of  gasea  is,  in  prin- 
ciple, the  anme  as  for  the  density  of  liquids.  The  determinations  are 
made  in  a  glass  globe,  fig.  205  [J  258),  to  which  an  acenratelj  fitted 
stop-coBk  is  attached.  The  glolie  is  first  weighed,  when  filled  with 
6rj  and  pure  air,  and  again  after  being  exhausted  of  air  by  means  of 
the  air-pump  ;  the  differenue  in  the  two  weights  giyoa  the  welgbt  of  air 
contwned  in  the  flask.  The  globe  is  then  filled  with  the  perfectly  dry 
gai  under  eiamination,  and  again  weighed  ;  the  weight  found,  leas  the 
weigh :  ;f  the  globe,  gives  the  weight  of  the  gas.  The  weight  of  the  gas, 
divide.,  by  the  iielght  of  the  same  bulk  of  air,  gives  the  specific  gravity, 
or  density  of  the  gas,  as  compared  with  air. 

Eiample  :  A  glass  globe  held  2S-73  grains  ot  atmospheric  air,  and  )J-9I 
grains  of  oarboBio  acid.  The  specific  gru-vitj  uf  the  latter  is  therefore  +3-S3  -5- 
28-73  =  1-529,  or,     28-73  :  43-93  =  1000  ;  1-539. 

A  nnmber  of  corrections  mnst  be  made,  in  order  to  obtain  the  true  density 
of  the  gas  under  eiamination.     Thus,  the  barometric  heigbt,  and  the  tempeta- 

metiio  baight,  30  inches,  and  the  standard  temperature,  62=  F.  Corrections 
mnst  also  ba  made  for  the  film  of  hygroscopic  moisture,  always  adhering  to  the 
globe,  and  for  the  haoyancj  of  the  globe  in  the  fur. 

Kegnault  has  reduced  the  number  ot  oorrections  ordinarily  necessary,  by 
counterpoising  the  globe  in  which  the  gas  is  weighed  by  a  second  globe  of  equal 
siie  made  of  the  same  glass.     Thus   (he  oorrections  for  the  film  of  hygroacopio 
if  the  globe  in  the  air,  may  be  dispensed  with,  aa 


1  oompound  gas  u 
!e  of  its  constitnei 


J  4.    Commaoloation  of  Heat 

612.  Modes  in  which  heat  is  o ommanio ate d.— Heat  is  commu- 
nicated in  three  ways :  Ist.  By  conductiou  (chiefly  io  solids).  2d  By 
convection   or  circulation,  in  liquids  or  gases,     3d,  By  radiation. 

t)l3  Conduction  of  heat —Heat  travels  in  solids  slowly  from 
particle  to  particle  It  implies  coDtai,t  vtith  or  i-loce  approach  to,  a 
hotter  bidy  The  end  of  a  bar  of  inn  thruot  into  the  fire  beoomos 
red  hot  while  the  other  end  can  yet  be  handled  Things  viry  very 
much  in  their  power  to  coniuet  he  it  oiury  substance  having  its  own 
rate  of  conductibility 

A  metalliQ  veaael,  filled  with  hot  watfir,  is  at  once  as  hot  aa  its  contents,  whU» 
Bn  earthen  vessel  becomes  heated  slowly.  The  metal  is  a  good,  and  the  earthen- 
ware  is  a  bad,  co-idueor.     A  pipe-atem,    r  glass  tube,  held  in  a  (pirit  lamp. 


moiature,  i 

md  the  buoyancy 

they  are'e. 

it  important  applic 

been  mad< 

of  Day  Li 

arerysin 

iple  relation  to  the 

lating  the 

atomic  weight  of  . 

Table  } 

:L  c.  Appendix,  i 

obtiuBed  by  diatinguiahed  u 
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eated  red-hot  v 

Tlie  progress  of  conducted 
to  wbloh  are  stuck  by  wai  sc 
in  a.  lan.p,  wben  the  marbles 
the  one  ceareat  tbe  lamp  falli 
•11  fall  off  very  soon  ;  but  if  i 
dnoted  much  more  slowly. 

Solida  conduct  heat  better 


)lid  is  easily  shown  by  a 


014.  Determination  of  the  oonductibility  of  solida.— The  appa- 
ratus of  Ingenhauaz,  fig.  471,  may  be  emplojed  to  determine  the  unequal 
conductibility  of  solids. 


ett«d,  by  means  of  c 

orkB,  small  oylin 

ors  of  diffe 

siie,  covered  with  « 

I.     When  the  ye 

,  with  boiling  watflr  o 

hot  sand,  the  wn 

elted  from  the  rods  i 

the  order  of  thei 

-- 

jbilitj,   Tii.,    copper. 

iron,   lead,    pore 

olain,  — g 

a,  wood.     Or  small  b 

t^  of  phosphorus 

may    .^ 

be  plaoed  at  equal  distaaces  open  tbe  rods,  »nd 
thasB  will  be  firad  in  corresponding  succession. 

To  determine  the  relatiee  conductibility  of 
solids,  the  apparatus  of  Despretz  may  bo 
emp  y  d  fig  4 

I  p     m       b  b    ted 
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615.  Con ductl bill t;  of  metals,  &c. — Gold  is  a  better  fcndoctor 
of  heat  than  anj  other  metal,  or  other  solid.  Ita  con ducti bill ty  ia  repre- 
sented by  1000.  The  order  of  the  conduotibOitj  of  other  metals  is 
(according  to  Despretz)  platinum,  copper,  silyer,  iron,  zinc,  tin,  lead. 
The  conductibilitj  of  the  last-named  metal  is  only  179IJ. 

The  preciao  rale  of  the  aonduclibilitj  of  theae  metals,  aooording  to  different  au- 
fioritieo,  may  be  aoen  in  the  Appondis,  Table  VII.  i.,  aod  in  Table  VII,  B  ,  show- 
ing the  conducting  power  of  different  materials  used  in  the  conslrnotion  of  honees, 
c.  Hutehiiiaon,     The  aubstancea  are  arranged  io  th«  order  in 


t  the  passage  of  b> 


est)  being  placed  fi: 


of  the  direction  to  that  of  the  optic  axis  of  the  crystal 

Senarmonl,  in  hia  eiperiments,  took  thin  plates  of  or  stall   so 

me  rut  paralld 

to  the  optic  axis,  and  othars  at  right  angles  to   t.     In    he  centre 

of  each  plate  a 

email  hole  was  drilled  for  the  reception  of  a  s      er  w  re 

which  was  healed  b;  a  lamp;  tho  snrfacea  of  the     rjstals 

were  ooTerod  by  a  thin  coating  of  colored  was      The  con        / 

'^Mk 

auction  of  the  heat  was  observed  by  the  melt  n„  of  the  waj.     / 

w^m\ 

the  moiled  portion  aaauming,  with  crystala  of  the  monometr  o   \ 

%JF) 

gyslom,  the  form  of  a  circle,  I,  fig.  47S,  ani    a    he     ther     " 

i^W  * 

syatema,  ellipses  of  different  forms,  2,  fig.  473 

WsB^ 

617.  CouduoUbiJity  of  wood.— Tl  e  ilu|  e  d 
of  the  conduction  of  heat  upon   niolc(,ultr  arra  ,., 
m  hown  aa  well   in  organic  strn  t  res  a 

n   media.    This  subject  was  investigated 
are  ly  Dr.  Tyndall,  who  esamined  the  i,ond 

n     pow      of  yarious  organic  substances    espeunllj 

H  tliat  at  a     po  ats  not  s   an  ed  in  the     entr 


nd  p    n    pa    aiia    s  parallel  to  the     ^^^g^ 
6    nd    and     nte  toed  ala  as  a    la  ^I^^^^X 
and  W    h       gneoua  layera   and      ^^/ 
i    s  p    pond   ula   to  the  fibres,  and  ^r 


teal,  and  thi  leael  ailh  the  teatt, 
definite  relation  to  ita  deneity. 
conducts  heat  better  than   any 
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618.  Vibrations  produced  by  ooaduGtion  of  heat. — When  a 
hot  bar  of  metal,  having  a  narrow  base,  is  supported  on  knife  eJges 
of  mntal  or  crystal,  or  upon  metullie  points,  a  yibratory  motion  of  the 
bar  is  produced,  and  continued  until  the  temperature  of  the  bar  and 
the  supporting  body  become  nearly  the  same.  This  vibration  produces 
a  muaieal  tone  varying  with  the  nature  of  the  metal  and  the  form  of 
tiie  bar. 

It  BBS  formerly  snppoaed  that  these  vibrations  indicated  that  h  it  was  pro. 
dnoed  by  molecular  vibrationg.  But  it  hns  boon  shown  bj  Tyndall  (.  hil.  Trans. 
1851)  that  these  vibratjous  are  onueed  by  the  want  of  eynobronism  io  the  sudden 
eipausion  of  the  points  of  support,  as  beat  ia  communieated  from  the  motallio  bM. 
IS  by  employing  a  rocker  having  a  oylln- 


ricily  as  f 


drioal  surfiwje  supported  on  two  narrow  bars, 
of  heat.     Am.  Jour.  Sci.  [2]  XX.,  p,  1 65. 

619.  Conductlbillty  of  liqnida. — Count  Rumford  concluded,  from 
his  experiments,  that  liquids  were  absolutely  non-conductors  of  heat, 
but   later   experimenters   have  determined,  that  474 

liquids  do  conduct  heat,  but  only  to  a  very 
limited  degree.  That  the  conductibility  of  liquids 
for  heat  ia  very  slight,  is  shown  by  Rumford'a 
apparatus,  flg.  474. 

The  glaaa  funnel  is  nearly  filled  with  water.  A  ther- 
momet«r  tabe,  irith  large  bulb,  is  so  arranged,  that  the 
bulb 


byre 


is  just  below  the  surface  of  the  water.     The  stem 

- 

es  through  a  tight  cork,  and  eonlnins  s  few  drops 

olored  liquid    at  A,    which   will   move  with    any 

ge  in  bulk  of  the  air  oontained  in  the  bulb.   A  littlo 

r  poured  upon  the  surface  of  the  water  and  ignited, 

be  found  by  pasting  a  line  of  paper  on  the  stem  at 

of  the  drops  of  liquid],  whict  would  be  the  case  if 

sensible  warmth  was  communicated.     The  watmth 

finger,  touching  the  bulb,  will  at  once  cause  the 

to   move  by  expanding  the  air  within.     As   tbe 

^ 

a  of  the  glass  vessel  gradually  become  hot  by  eon 

^ 

■ 

ng  a  vessel  on  the  top,  therefore,  we  should  never 

^S 

ed  in  creating  anything  more  thon  a  superficial  ele 

atio 

of  t«mperaCnre ; 

small  depth  the  water  would  remain  cold.    The  heat 

ngof 

liquids  iB  f  ffeoted 

IE  of  01 


will  bi 


mtly  explab 


mperfeot  e 


620.  Conductibility  of  gases. — Gases   are 
ductors  of  boat  than  liquids.     It  is  difficult  to  r 
ments  upon  this  subject,  from  the  readiness  with  which  currents  are 
formed,  and  which  thus  diffuse  tbe  boat,  but  we  know  that  gases,  when 

ay* 
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confined,  are  almost  non-eondiictorB  of  heat.  Thus,  substances  -whioh 
imprison  iarge  volumes  of  air  within  their  pores,  as  down,  wool, 
feathers,  &o.,  are  very  poor  conJuutors  of  heat. 

Air,  loaded  with  moisture,  is  rendered  thereby  a  much  better  con- 
ductor of  heat  than  dry  air,  in  the  proportion  of  230  to  80;  hence, 
damp  air  feels  colder  to  the  body  than  dry  air  of  the  same  temperature, 
because  it  conducts  away  the  heat  from  the  body  more  rapidly. 

The  sense  of  oppression  esperienoed  before  a  thunder  storm  is  due  to 
the  combined  effect  of  the  heat  and  moisture  of  the  atmosphere. 

621.  Relative  conduottbllltjr  of  solids,  liquids,  and  gases. — 
If  we  touch  a  rod  of  metal  heated  to  120°  F.,  we  shall  be  burned; 
water  at  150°  will  not  scald,  if  the  hand  is  kept  still,  and  the  heat  is 
gradually  raised ;  while  dry  air  at  300'  has  been  endured  without  injury- 

The  oven-girls  of  Qormany,  olad  in  garments  of  woolen  and  tliicli  soaks  to 

nurj  operations  are  going  on,  at  a  temperature  above  300",  altliougli  the  touoli 
of  any  metallic  article  while  there  would  severely  burn  them, 

622,  Examples  and  Illustrations  of  the  differeat  condactlbi- 
lity  of  solids,  are  very  evident  to  common  observation. 

The  crust  of  the  globe  is  oompoeed  of  poor  conducting  materials,  and  not- 


withstanding  the  intenailj  of  t 

hei 

Mmlral  fires  within,  the  amoun 

t  of  heal 

I  which 

Bscapes  ie  so  inconsiderable,  th 

ati 

thasi 

tempe- 

rature  of  the  surface.     It  has  1 

beet 

I  ealci 

ilated,  that  the  auantity 

of  centi 

'alheat 

which  reaches  the  surface  in  a 

yea 

Id  not  suffice  to  malt  an 

envelope  of  ioo 

Burrounding  the  earth  one-qufl 

of  an 

inch  in  thickness. 

Water-pipes  laid  at  a  distK 

of   a 

few  feet  nndcr  ground, 

are  not 

by  the  wint*r'a  eold,  hecauBe  t: 

oil  is  1 

L  Qomparatively  poor  coi 

iduclor. 

Eire-proof  safes  are  boiea  t 

if  ii 

or  trobli 

,  walls. 

the  intervening  spaces  of  whic 

ha: 

re  filled  with  gypsum  (plaster  ■ 

of  pans- 

1.  bnrnt 

alum,  or  some  other  non-oondu 

ctii 

ygmat. 

orial.   These  linings  prev 

ent  the  i 

heat,  in  case  of  fire,  from  pasai 

Bgt 

»the 

books  and  papers  within 

.    Furn. 

lined  with  fire-bricks,  because, 

bei 

ngof 

poor  conducting  and  infusible  materifJ, 

they  prevent  tho  waste  of  hei 

it. 

Ivory 

and  wooden  handles  : 

ire  atta 

chod  to 

ffeepo 

ts,  because,  being  poor  e 

londuoto 

rs,  they 

prevent  the  heat  from  passing 

to  the  hat 

id  so  rapidly  as  to  bum 

it.     Hot  dishes 

are  placed  upon  mats  that  the 

tabi 

not  be  injured.   Water 

r  heated 

in  a  metaUic  vessel  than  in  on 

eol 

■  glass 

or  porceliua,  because  tl 

le  first  c 

onductf 

Ihe  beat  more  rapidly  from  th. 

Dfir 

ethan 

the  others. 

Bnildings  constructed  of  woi 

od! 

md  bri 

ick  are  cooler  in  sammei 

winter  than  those  of  iron,  beci 

>they 

are  poorer  conductors  ol 

■  heat. 

The  hearth-stone  feels  eolde 

rth 

■an  the 

:  wooden  floor,  and  this 

iarpct. 

owing  to  the  ditfcrence  in  tbei 

rco 

nducti 

ng  powers,  although  all 

are  at  tl 

lie  same 

623,  Ezamplea  dra-wn  from  the  animal  and  vegetable  bing- 
doma.— The  covering  of  animals  not  only  varies  with  the  climate 
which   the  several  species  inhabit,  but  also  with   the  season.     Thii 
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loyering  is  not  in  itself  a  Bouroe  of  warmtli,  but  prevenw  the  escape 
L)f  the  vital  boat  from  within. 

Animals  in  warm  climates  ate  generally  naked,  or  are  covered  witb  cnarse 
and  thin  furs,  which  in  cold  countries  are  fine,  close,  and  thioli,  and  are  almost 
perfect  non-conduotore  of  heat-  The  plumage  of  birds  is  likewise  formed  of 
substances  which  are  poor  conductors  of  heat,  contMning  also  a  large  qnantitj 
pf  air  in  their  jntersticea.  Besides  this  protection,  the  birds  of  oold  regions  are 
provided  witb  a  more  delicate  Btructnre  beneath  the  feathers,  called  done,  which 
ioterceptB  the  best  still  more  perfectly.  The  fossil  elephant  of  the  While  River, 
in  Siberia,  was  covered  with  three  sorts  of  hair,  of  different  lengths,  the  sborlest 
being  a  fine,  close  wool,  next  the  body,  a  protection  i^ainet  the  axotic  cold.  The 
arctic  navigator  and  the  Eequimaui  endure  the  coldof — 40°,  or  — BO",  P.  with 
the  aid  of  fur  bags  and  clothes.  Animals  with  warm  blood,  whiah  live  in  (ha 
water,  as  tho  wbale  and  seal,  are  surrounded  with  a  thick  covering  of  oil  and 
fat,  which  acts  in  a  manner  simUar  to  the  furs  and  feathers  of  land  animals. 

The  hark  of  trees  is  much  more  porons  than  the  wood,  and,  being  arranged  in 
plates  and  fibres  around  the  body  of  the  tree,  prevents  such  a  loss  of  heat  aa 
would  be  injurious  to  its  life. 

624.  The  conduoting  power  of  aubstancea  in  a  pulverized  ot 
fibrous  atate,  ia  less  than  that  of  tho  same  thing  in  a  compact  mass, 
partly  because  the  contimiitj  of  t'le  substances  is  diminished,  and  alao 
because  of  the  air  imprisoned  nm  ing  the  particles. 

Sav-dust  in  a  loose  state,  is  a  very  poor  conductor  of  beat,  much   poorer 

"     ■  ■  "   it  was  formed.     Ice-lionaes  are  built  witii  double  walls, 

V,  shavings,  or  Baw-diii"t  are  placed,  keeping  the  interior 

loat.     Ice  wrapped  in  Bannel  is  preserved  by  eicluding 

ire.(.Frs   are   generally    double-walled  boxes,  tiie   space 

ICC.     (See    VeniUaiioK.)     Similarly   eoastructed  vesselg 

crystalline  particles,  enclosing  a  large  qnantity  of  wr 
among  their  interstices,  which,  being  a  very  good  non-conductor,  prevents  the 

always  roaches  a  much  greater  depth  in  winters  without  snow,  than  when  snow 
abounds.  On  the  flanks  of  Mount  ^tna,  the  winter  snows  oft«n  reach  near  to 
the  border  of  the  fertile  regions,  and  it  ie  the  practice  of  the  m  u   t  ?  t 

cover  those  parta  of  the  snow  wllich  they  wish  to  preserve  for  summ  w  tb 

two  or  three  feet  thickness  of  volcanic  sand  and  powdered  pumi  i  nh 

abounding.  Tho  snow,  thus  protected,  remains  all  summer  und  an  aim  t 
tropical  sun,  and  is  distributed  from  these  natural  ice-houses  c  th  wh  I 
Island  of  Sicily.     There  exists  oven  to  this  day  a  heavy  bod    f  (h 

eummit  of  Slan,  covered  first  by  an  eruption  of  ashes  and  sand  1        d 

thick,  and  subsequently  by  a  flow  of  molten  lava,  many  oenturi  Th 

fell  short.     Straw-matting,  and  other  flbrcus  matorials,  being  poor  conductors, 

625.  Clothing.— The  object  of  clothing,  in  oold  climates,  like  tb 
furs  and  feathers  of  animals,  '»  t<i  prevent  the  escape  of  heat  from  tlit 
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body.  Fibrous  materials,  as  wool  and  furs,  are  best  adapted  for  cIotL- 
iiig,  beoauao  they  are  themselves  very  poor  conductors  of  heat,  and 
likewise  coutaiu  air  in  their  interstices. 

The  order  of  the  conduetibility  of  the  different  substances  used  for  clothing, 
is  ae  followB  :— linen,  cotton,  ailk,  wool,  furs.     Hence  a  woolen    garment  13 
warmer  than  one  of  cotton,  or  silk,  or  1 
tbsn  thE  noolen  blnnkcta,  because  tbe; 


1.    Thelii 
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626  Convection  — Although  liquids  and  gases  are  very  poor  con- 
ductors of  heit  yet  they  admit  ol  being  rapidly  heated  by  a  process 
of  i,iri,ulation  called  onvecticn  and  which  depends  upon  the  free 
mobility  of  their  p'lEtii.ieo  The  particles  of  liquids  and  gases  in 
immediate  contact  with  the  source  cf  heat,  becoming  warm,  and  also 
Bpecifioilly  lighter  riie  and  moving  away,  make  room  for  others  ;  this 
is  continued  until  all  the  particles  attain  the  same  temperature.  Cur- 
rents are  thus  produced  both  in  water  and  air. 

627.  Convection  in  liquids. — The  circulation  juat  mentioned  may 
be  rendered  visible  by  heating  in  a  flask,  water  containing  a  little  braD 
c         b     (       th         \  t  f   b     tth  d      't 


628.  Cmienta  in  the  ocean. — In  consequence  of  the  unequal  heat 
to  which  the  waters  of  the  ocean  iu  dlffeMnt  parts  are  sabjeotod,  cur- 
rents of  great  oonatancj  and  regularity  are  formed.    Under  the  tropics, 
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file  waters  teoome  highly  heated  aod  flow  off  on  either  sido  towards  tha 
poles,  while  other  colder  currenta  flow  from  the  poles  towards  the  equa- 
tor. These  currents  are  modified  ici  their  direction  by  the  form  and 
distribution  of  land  and  water  on  the  surface  of  tlie  earth,  iind  the 
rotation  of  the  earth  upon  its  axis. 

One  of  tbasB  currents  (oalled  for  that  reason  tie  Gulf  Stream)  is  direotud 
tnio  the  8ulf  nf  Mciico  around  the  wo-tern  end  of  Cuba  and  svreapiag  through 


warm  water),  first  brought  to  tha  notice  of  tho  scientiSc  world  by  tbe  illustriom 
Franklin  in  1770. 

III.    BAWATIOS. 

629.  Radiation  of  beat. — Hot  bodies  radiate  heat  equally  in  all 
directions.  Radiant  heat  proceeds  in  straight  lines,  diverging  in  every 
direction  from  the  points  where  it  emanates.  These  diverging  lines 
are  called  thermal  raffs,  or  heat  rays.  Heat  rays  continue  to  issue  from 
a  hot  body,  through  the  whole  process  of  its  cooling,  until  it  sinks  to  th( 
actual  temperature  of  the  air,  or  surrounding  medium.  It  is  generally 
by  radiation,  that  bodies  become  heated  at  a  distance  from  the  source 
of  heat, 

Standing  before  a  fire,  or  in  the  sun's  light,  we  feel  the  genial  influ- 
ence of  the  heat  radiated  from  these  sources.  A  candle,  or  gas  light, 
gives  off  its  heat  aa  it  does  its  light,  in  all  directions.  A  thermometer, 
placed  at  equal  distances  around  the  flame,  indicates  the  same  teropera- 

630.  Radiant  heat  is  but  partially  absorbed  by  the  media 
through  MThioh  it  passes,  and  is  not  sensibly  affected  by  any  motion 
of  the  media,  as  of  winds  in  air. 

The  sun's  rays  lose  about  one-fourth  [0'277)  of  their  heat  in  passing 
through  the  atmosphere,  the  remainder  being  absorbed  or  refleoted  at 
the  surface  of  the  earth.  The  air  receiTCS,  however,  the  greater  part 
of  its  warmth  by  reflection,  conduction,  and  convection,  from  the  sur- 
face of  the  earth  thus  heated  by  the  sun. 

We  receive  warmth  from  the  fire  upon  our  persons,  although  the  air 
remains  cold,  and  may  be  continually  renewed. 

particle;   for   the  material   atoms  of  whiuh   any    Bubstaace   consists,  are  uol 
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631.  Intensity  of  radiant  heat. — The  intensity  of  Tadiant  heat  ia 
according  to  the  following  laws: — ■ 

1st.  /( IS  proportional  to  the  temperature  of  the  source. 

2d.  It  is  iasersely  as  ike  square  of  the  distance  from  the  source. 

3d.  ii  is  greater  in  proportion  as  ike  rays  are  emitted  in  a  direction 
m'jre  nearly  perpendicular  to  ike  radiating  surface. 

1st  If  n  therm omiitgr  be  exposed  at  tbe  same  dislnuce  from  diffsrant  sourcei 
of  heat,  baving,  for  example,  the  (emperatures  of  100°,  160",  BJid  ZOO",  (he 
amount  of  Fadiant  beat  will  be  direotl;  as  these  numbers. 

2d,  Thus,  the  heating  effect  of  a  body  at  a  distance  of  two  feet  is  onl;  one- 
fourth,  at  three  feat,  one-ninth,  and  at  four  feet,  oae-sisteentb  of  what  it  is  at 
one  font. 

This  law  may  be  exemplified  bj  sappoaing  two  globes  one  of  one  foot  diame- 
ter, the  other  of  two  feet  d  jmeter  hav  ng  a  bndy  equally  heate  I  in  both  The 
larger  glebe  eiposee  four  t  mes  as  much  surface  aa  the  smaller  one  conse- 
quently, each  square    nch  of  tbe  largtr  ono  w  11  receive     n  y  one  fourth  a 


equal  openings,     Tbe  vessej,  <i  c 

is  Slle 

with  hot  water. 

The  position  of 

index  of  tbe  thermoscopa  will 

le  the 

is  perpendicular 

more  or  less  inclined.     And,  as 

nthe  1 

tier  case,  there  is 
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C32.  Iiaw  of  cooling  b^  radiation, — N^ewton  supposed  that  the 
rapidity  of  cooling  of  a  body  was  proportional  to  the  difference  between 
its  temperature  and  that  of  the  surrounding  medium.  This  law  is  cor- 
rect only  for  those  bodies  differing  in  temperature  not  more  than  15°  or 
20°  C,  (59°  to  68°  F.) 

Dulong  and  Petit  made  elaborate  investigations  upon  this  eubject, 
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Wid  dewrmined  that  where  the  heated  hoiiy  was  placed  in  vnouo  at 
temperatures  ascending  according  to  the  terms  of  an  aiithmetic  pro- 
gresaion,  the  rapidity  of  cooling  increased  nocording  to  the  terms  of  a 
geometric  progression,  diminished,  however,  by  ft  constant  quantity, 
this  constant  being  tlie  heat  radiated  back  upon  the  cooling  body  from 
the  walls  of  the  confining  vesBel,  If  the  temperature  of  the  veBsel, 
and  that  of  the  heated  body,  were  both  raised  according  to  the  terms  of 
an  arithmetic  progressitn  bo  that  the  difference  between  the  tw  was 
always  constant  the  rite  of  <,o  ling  ii  treaae !  accord  ng  to  tbe  terms 

Raimion  19  found  to  take  pKce  more  freely  in  \aouD  thin  in  a  r 
633    ■Universal   ladiatiou   of  heat  —Heat  la   radiated  from   all 
bodies    it  all  t  mta    wl  ether   their  temperature  be   the  same  as    or 
different  from    that  of  surrounimg  boiies     for  it  is  the  tendency  of 
heat  lo  place  itself  in  equilifnum 

ctiiea  na  mucli  heat  as  it  railiat«e  and   cinscqaentl}'  tbu  [  Uimi  erat  re  remaina 

more  than  the;  [eceive,  autil  flnallj  alt  attain  the  same  temperature.  Hence 
all  bodies,  however  cold,  will  warm  bodies  colder  than  themaelvea  ,■  thus,  froicn 
mercury,  ploeed  in  a  cavity  of  ioc,  will  be  melted  by  the  heat  received  from 
the  ice. 

634.  Apparent  radiation  of  cold  takes  place  when  two  parabolit 
mirrors  are  placed  opposite  to  each  other,  having  a  delicate  thermome- 
ter in  the  focus  of  one,  and  a  mass  of  ice  suspended  in  that  of  the 
Other.  The  temperature  of  the  tbermometer  will  be  seen  to  fall,  appa- 
rently by  the  radiation  of  cold  from  the  ice.  The  true  esplanation  is, 
that  the  thermometer  is  warmer  than  the  ice,  and  radiating  more  heat 
than  it  receives,  thus  loses  heat,  and  the  temperature  falls.  If  the  ther- 
mometer had  been  at  a  lower  temperature  than  the  ice,  the  phenomenon 
would  have  been  reversed. 

The  following  remarkable  inslanoe  of  the  apparent  fccnIisBtion  of  cold,  Ii 
explained  in  a  aimilar  manner.  The  experiment  is  due  to  the  Florentine 
Academician  Porta  in  the  siit«onth  century.  If  a  parabolic  mirror  is  placed 
with  its  axis  pointing  towards  the  sun,  the  hcat-raya  will  be  reflected  to  the 
fooQS  of  the  mirror.  But  if  the  mirror  be  turned  so  as  to  face  the  clear  blue 
shy,  its  focus  becomes  a  focne  of  cold,  and  a  delicate  tbermomctei'  placed  at  thai 
point  will  sink,  in  clear  weather,  a  few  degrees  in  the  day  time,  and  as  much 
as  17°  F.  at  night.  This  p faenomenon  is  thus  accounted  for  :— the  thermometer 
is  constantly  radiating  heat  in  all  directions;  the  mirror,  being  a  paraboloid, 
reflects  to  its  fofns  only  those  rays  that  come  in  a  direction  parallel  to  its  aiis. 
In  that  ditoetion  no  rays  come,  for  there  is  no  source  to  reflect  them,  consa- 
qiiently  the  temperature  of  the  thermometer  falls.  If  a  oloud  pnsaea  over  Iho 
•xis  of  the  mirror,  the  thermometer  instantly  rises  to  its  usual  teight. 
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I  5.  Action  of  difieieut  Bodies  upon  Heat 

I.     SURFACE  ACTION. 

6!i5.  Reflection  of  heat. — Conjngate  mirrora. — Radiant  Jeat, 
like  light,  is  reflected  at  the  same  angle  at  -which  it  fa.Us  upon  any  re- 
flecting surface.  Thia  law  in  respect  to  light  has  been  fully  illustrated 
in  the  chapter  on  that  suhject. 

If  a  fleee  of  bright  tin  plato  is  held  id  Bach  a  pa^itioo  ai  to  reflect  the  light 
of  II  clear  fire  iuta  the  face  the  aeniation  of  heat  nill  be  fett  the  moment  the 
light  is  Been. 
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636.  Determination  of  reflective  power. — Different  bodie: 
eesa  very  different  powers  of  re-  ^jg 

Section.    This  is  well  illustrated 
by  the   apparatus,  fig.  478,  do- 


digued  by  Leslie. 

T^ — 

"^^^-if 
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637-  Absorptive  power, — Different  bodies  poBsess  very  different 
powers  of  absorbing  the  heat  thrown  upon  them.  The  absorptive 
power  of  a  body  is  always  in  the  inverse  ratio  of  its  reflective  power ; 
that  is,  the  beat  refleotors  are  the  worst  absorbents,  and  vice  versa. 

ThB  absorptite  power  of  bodies  maj  be  determined  by  a  modification  of  th« 
apparatuB,  fig,  i78.  At  the  fooua  of  the  mirror,  N,  ia  placed  Ihe  bnlb  of  a  ther- 
moscope,  nliieh  is  snccesEivel;  eorered  with  different  substances,  as  with  lamp- 
black, Indian  ink,  gnm  lac,  metallic  leaf,  <tc.  Leslie  has  been  tbe  principal 
experimenter  in  this  department  of  beat.  A  smoke-blackened  Eurfacc,  and  a 
surface  covered  with  oarbonitte  of  lead,  absorb  nearly  hII  the  radiant  beat  thrown 
upon  them ;  glass,  ^„"(, ;  polished  cast  iron,  jVo  i  tin.  ^  ;  silver,  ^ J,.  Table 
no.  VIII.,  Appendis,  gives  the  resulla  obtained  by  Messrs.  de  la  ProvDEtaye 
and  Desains. 

All  black  and  dull  surfaces  absorb  heal  very  rapidly  when  eiposed  to  its 
action,  and  part  with  it  again  slowly  by  secondary  radiation.  The  different 
powers  of  absorption,  possessed  by  the  different  colors,  may  be  illustrated  by 
repealing  Franklin's  eiperiment.  Pieces  of  tbo  same  kind  of  cloth,  of  different 
colors,  were  placed  upon  the  snow ;  the  black  cloth  absorbed  the  most  heat,  so 
that  after  a  time  it  sunk  into  the  melted  snow  beneath  it,  while  the  white  cloth 
produced  hut  little  effect ;  the  other  colored  cloths  produced  intermediate  effect*. 
Banged  according  to  their  absorbent  powers,  wo  have,  1.  Black  (wamiesl  of 
all)  1  2.  Violet  i  3.  Indigo ;  4.  Blue ;  5.  (Jreen  ;  6.  Red ;  1,  Yellow  ;  and  8.  Whita 
(coldest  of  all), 

638.  EmissiTe  oi  ladiatiog  power, — The  earliest,  and  some  of  the 
most  valuable,  observationB  upon  this  subject,  were  published  by  Sir 
John  Leslie,  in  his  Essay  on  Heat,  in  1804.  Leslie  proved  that  the 
rate  of  cooling  of  a,  hot  body  is  more  influenced  by  the  state  of  its 
surface,  than  the  nature  of  its  substance.  It  also  varies  greatly  with 
different  subatancos,  as  may  be  seen  in  the  table  below. 

Leslie  employed  in  his  eiperimenta  the  apparatus,  fig,  478.     A  bulb  of  a 

teoted  from  the  radiant  heat  by  a  screen.     The  cubical  vessel  ci 
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)e  la  Froi-oslaye  and  Dcsains,  and  also  Moltoni,  have  obtained  results 
itnewhat  from  those  of  Leslie.     See  Table  VI.,  Appendix,     Mellcni 

>s  the  following  table  shows  :~ 
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Mellcai  has  also  founa  (hat  the  absorbent  power  of  anrfaces  T»ried  lonsiSor- 
■btj.  aecordlng  lo  tbe  soutcb  of  the  radiatioo,  and  the  teuipecalure  of  ths 
raAant  body.     {Sae  Table  IX.) 

?rotD  Melloni's  experiments  ma;  be  drawn  the  following  cnnclusinns  — 

1.  That  bodies  agree  rery  nearly,  but  nut  exactly,  in  their  emitting  vni 
rtsorbent  powers, 

2.  That  their  absorbent  power  varies  very  remarkably  with  the  origin  1.3d 
iDtenaity  of  the  caloriHe  rays. 

3.  That  they  approiLOh  eaeh  other  more  and  more  in  their  power  of  emitting 
Mid  absorbing  rays  of  heat,  when  tho  temperature  approaches  tbat  of  boiling 

639.  Causes  ^rMcb  modify  the  emissive,  absorbent,  and 
reflective  powers  of  bodies. — N?t  onlj  do  different  bodies  possess 
the  powers  of  reQection,  absorption,  and  emission  in  different  degrees, 
but  the  pbysioiil  GDDdition  of  the  mat^rinl  affects  them  in  an  important 
manner.  So  also  tho  obliquity  of  the  incident  rajB,  the  source  of  heat, 
and  the  thickness  of  the  superficial  layer,  exercise  great  influence. 

The  absorbent  and  emissife  powers  of  metallic  plates  are  diminished  if  they 
are  hammered  or  polished.  The  opposite  effect  is  produced  if  the  plates  are 
scratched  or  roughened.  This  Is  doubtless  owing  to  the  change  in  density  whicEi 
the  snpBrficial  layers  of  the  plates  undergo  by  these  operations.  For  the  sams 
teason,  the  reflective  power  of  a  substance  is  geuorally  increased  hy  polishing 
or  hammering,  and  diminished  by  roughening  or  scratching  it;  which  lattoi 
also  causes  a  portlou  of  the  heat  to  be  irregularly  reflected.  That  this  is  tho 
true  explanation  is  probable  from  the  fact,  that  if  such  materials  as  ivory  or 
eoal  are  taken,  whose  density  will  not  be  ebaaged  by  roughening  or  polishing, 
the  reflective  and  absorbent  powers  remain  tho  same. 

The  thiokness  of  the  superficial  layor  has  an  influence  on  tbe  reflective  power 

reflection  diminished  as  tho  number  of  layers  increased,  until  their  thickness 
amountod  to  twenty-five  thousandths  of  a  millimetre,  when  it  remained  con- 
slant.  While  a  vessel  covered  with  layers  of  varnish  or  jelly  had  its  emissive 
power  increased  with  the  number  of  layers,  until  they  reached  sixteen  (with  a 
thickness  of  O'034  m.  m.),  when  it  remained  constant,  even  upon  the  addition 
of  other  layers.  The  absorbent  power  of  substances  varies  with  the  nature 
of  (be  source  of  beat.  Thus  a  substance  covered  with  white  lead,  absorbs 
newly  all  the  thermal  rsys  from  copper,  heated  to  212°  F. ;  56  of  those  from 
incandescent  platinum  i  and  53  of  those  from  an  oil  lamp.  Lampblack  is  the 
only  substance  whicb  absorbs  all  the  thermal  rays,  whatever  be  the  source  of 
heat.     This  subject  has  been  ably  treated  by  Prof.  A.  D.  Eache.' 

The  absorp'.-ve  power  varies  with  the  inclination  of  the  incident  rays;  tba 
smaller  the  Mglo  of  incidonce  the  greater  is  the  absorption.    This  is  one  of  the 

The  reflective  power  of  glass  increases  with  the  angle  of  incidence,  but  with 
metallic  surfaces  tbe  proportion  of  heat  reflected  diminishes  with  the  angle  of 
incidence,  and  is  tho  same  as  the  proportion  of  light  reflected,  |  407. 

640.  Applications  of  the   powers  of  reflection,    absorption, 

•  Am.  Jour.  Sfi,  [1]  XXX.  U,  1836, 
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and  radiation  are  often  made  io  the  ecODOmica!  use  of  heat.  We 
eball  refer  only  to  the  taore  familiar  eiainplea. 

Meat-roaatera  and  Dutch-OTena  are  constructed  of  hrigbl  tin,  ti  dirflcl  tlie 
heat  from  tho  fire  upon  the  article  cooking. 

Hoar  frost  remains  longer  ia  Uie  presence  of  the  morning  sun  upon  light- 
heat,  while  the  former,  rciecdng  it,  remain  too  cold  to  thaw  the  ffost.  Water  is 
slowly  heated  in  bright  metoillic  yeasela,  as  in  a  silver  cup  or  a  clean  Iright 
kettle,  beoauae  they  are  poor  abaorbenta,  but  it  the  sidea  and  bottom  of  tho 
rosse!*  beiome  corered  wiUi  soot,  the  water  ia  heated  quickly. 

To  keep  a  liquid  warm  it  should  be  cuntoined  in  n  vessel  composed  of  a  poo7 
radiating  material.     Hence  if  tea  and  coffeo  pola,  Ac,  are  made  'of  poHghcd 

are  o;jipoaed  of  earthenware. 

Stoves  of  polished  aheet-iron  radiate  lens  heat,  but  keep  hot  longer  than  those 
made  of  caat-iron  with  a  rougb  and  dull  aurface. 

Pipes  conveying  steam  should  be  kept  bright  or  thorouglil;  covered  with  felt 
or  cloth  until  they  reach  the  apartments  to  be  warmed,  and  there  their  surfaces 
should  be  blackened  in  order  to  favor  the  process  of  radiation. 

641.  Transmission  of  radiant  beat. — Light  passes  through  all 
transparent  bodies  from  whatever  source  it  may  come.  The  rays  of 
beat  from  the  san  also,  like  the  rays  of  light  from  the  same  luniinarj, 
paaa  through  transparent  substances  with  little  change  or  loss.  Kadianl 
heat,  however,  from  terrestrial  sources,  whether  luminous  or  not,  is  in 
a  great  measure  arrested  by  many  tmnspareDt  substances  as  well  as  by 
those  which  are  opaque. 

The  glaas  of  our  windows  remains  cold,  while  the  heat  of  the  snu,  passing 
through  it,  warms  tho  room.  A  plate  of  gla^a  held  before  the  fire  stops  a  large 
part  of  the  heat,  although  the  light  is  not  sensibly  diminished. 

Melloni  terms  those  bodies  which  transmit  heat  diathermanoue,  or 
diaikerotic  [from  the  Greek,  Sni,  thi>ugh,  and  Qtpnaivio,  to  heat)  ;  those 
bodies  which  do  not  allow  this  transmission  of  heat  are  termed  aiher- 
manous,  or  adiaihermamc  (from  alpha,  privatiTe,  and  gspjiaino). 

It  appears  that  many  substances  are  eminently  diathermanous,  which 
are  almost  opaque  to  light;  smoky  quartz  for  example. 

Prevost  of  Geneva,  and  De  la  Roche,  in  France,  in  1811  and 
1812,  discovered  many  of  the  phenomena  of  dia  therm  an  oua  bodies,  but 
it  ia  from  the  beautiful  researches  of  Molloni,  in  1832—1848,  that  our 
knowledge  upon  this  subject  has  been  chiefly  derived,  Melloni,  called 
by  De  la  Rive  "  the  Newton  of  heat,"  died  of  cholera  at  Naples,  in 
August,  1854. 

642.  Melloni's  apparatne, — The  apparatus  used  by  Melloni  in  his 
researches  upon  the  transmission  of  heat,  is  represented  in  all  its 
tsasential  details  in  fig.  470. 
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At  one  end  of  tie  gradnaled  metallic  bar,  L  L,  is  plaoefl  tlie  ttern 
m,  and  ia  conEcction  with  it,  by  fine  wires,  AE,  the  Bnastatic  f 
Euid,  a.  is  placed  tbe  source  of  heat;  in  this 


i  905,  D.     Upon  th. 


which  ullui 

C,  which  represents  the  substance  wl 

In  Biperimentlng,  the  source  of  h' 

F  ia  removed,  the  heat  directed  npo 

be  eiperimentad  upoD,  is  planed  upo 
ranomoter,  D,  has  returned  to  0=  (ila 
The  proportion  of  heat 


of  Ih 


chapter  on  therrao-olectric 

643.  Influence  of  tbe    ub  tan  c 

w   t  1  qu  d     they  were  p  i 

wa    9  21  n    m.  ('362  in  ) 


h    k 


Tl       nd 


a  1  n  t  a  mitted  thre 
a  many  a  alcohol, 
altJi  u  1  tl  e  liquids  a 
gi  th  d  athermancy 
It  f  u  d  that  thos 
necessarily  allow  the  p 
of  copper  transmits  tbe 


observatiiin  :  E  is  a  perforated  screen 
ys  to  pass  through  it  and  to  fall  upon 
iathetmimor  is  tu  be  determined. 


n  .—Id  experimenting 

The  stratum  of  liquid 

ce  of  heat  used  was 

rmancy  was  clearly 
at  the  bisulphid  of 
as  ether,  four  times 


>  rent  to  light  do  not 
erm.  Thua  sulphate 
I   rely  arrests  the  rays 
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of  heat.  AgiuD,  black  mica,  smoked  rock-salt,  and  c,taqiie  black  glass, 
transmit  a  considerable  portion  of  the  heat-raja,  but  prevent  the 
passage  of  light. 

Bock-salt  is  the  only  substance  that  permits  an  equal  amount  of  heat 
irom  all  sources  to  pass  through  it.  Melloni  experimented  with  plates 
of  this  substance  of  a  thickness  varying  from  one-twelfth  of  aij  iueh  to 
two  or  three  inches,  and  in  all  cases  92-3  of  100  rays  incident  upon 
Ihero  were  transmitted.  The  loss  of  7-7  per  cent,  being  duo  to  a 
uniform  quantity  which  is  reflected  at  the  two  surfaces  of  the  plate, 
Kock  salt  is,  therefore,  to  heat,  what  elear  glass  is  to  light,  and  well 
deserves  the  name  which  Molloni  gave  it,  of  the  glaaa  of  heat. 

The  diathernianic  power  of  different  solids  for  different  sources  of  heat 
may  be  found  in  detail  in  Table  XIII. 

644  Infl  n  f  th  m  terial  and  nature  of  the  source.— The 
qu  t  ty  f  h  1 1  tt  d  through  different  Solids  of  the  same  thick- 
ne  y  H  Th  nature  of  tlio  source  of  heat  exercises  a 
gr  t  fl  th  d  th  rmanic  power  of  hodies  Melloni,  in  his 
exp  m  ta  d  f  ea  of  heat,  viz  1  The  naked  flame  of  a 
lamp  2  1  d  t  pi  t  urn  ;  3.  Copper  heated  to  700°  F. ;  and, 
4.  C  rp      h     t  it      I'^F 

645  Oh  us  -wh  h  modify  the  diatheimanlc  power  of 
b  d  h  d  f  polish,  the  thiokness  and  number  of  the 
se  1  I  tl  t  f  the  screens  through  whith  the  heat  baa 
been  previously  transmitted. 

Tha  quantitj  of  boat  which  a  diathermanie  bodv  transmita  inereasea  with  th« 
degree  of  polish  of  itaanrfaca.  The  diathermanicpoworuf  a  bodj  diminishes  with 
its  thiclinesa,  althouKh  accordiDg  to  a  leas  rapid  rate  Thus  with  Dur  plates  whoB9 
thtckneas  was  as  the  numbers  1,2,  3,1 !  of  1000  rays,  the  quantity  absorbed  by 
each  was,  respectively,  61»,  5IJ,  S5S,  549:  so  thai  beyond  a  certain  thicltnass 
of  the  body,  the  quantity  of  heat  It  eaa  transmit  remains  nearly  oonstant,  Itock- 
salt  is  tha  only  esoeption  to  this  Ian ;  it  alnaya  allows  the  same  quantity  of  heat 
to  pass  through  it,  at  least  for  thiuknessee  between  2  and  40  m.  in.  (-078J  and 
1'575  in.) 

The  increase  of  the  number  of  screens  produces  an  effect  similar  to 
an  increase  of  thickness.  If  many  plates  of  the  same  kind  are  placed 
together,  they  absorb  more  heat  than  one  plate  having  tha  combined 
thickneaa  of  several,  owing  to  the  numerous  surfaces. 

The  thermal  rays  which  have  passed  through  one  oi  more  diathermanie  bodies, 
are  so  modified,  that  thoy  pass  with  more  facility  throuf-h  other  diathennanio 
bodies  than  direct  raya  do.  Thua  tbo  bent  from  an  argand  lamp,  where  tho 
Same  is  surrounded  with  a  glass  chimney,  differs  much  in  its  trans  miss  ihil  it  j 
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646.  Thermo ohrosy,  or  h^at-coloraiion  (Ospflo^,  heat,  aai  ^pta^ia, 
color). — As  NewtoD  has  shown  that  a.  pencil  of  white  light  is  composed 
of  different  colored  raya,  which  are  unequally  absorbed  and  transmitted 
by  different  media,  and  which  may  be  combined  together  or  isolated, 
BO  Melloni  argues  from  his  results,  that  there  are  different  species  of 
caloriSc  rays  emitted  simultaneously  in  variable  proportions  by  the 
different  sources  of  heat,  and  possessing  the  property  of  being  trans- 
mitted more  or  less  easily  through  screens  of  various  substances. 

If  a  pencil  of  solar  liglit  falls  smjceeaivelj  upon  two  pifltaa  of  colored  glaas, 
one  red  and  tlia  other  bluiet -green,  it  will  be  wholly  abaorbed,  the  second  plata 
absorbing  all  the  rajs  transmitted  bj  the  first.  ThU  ia  precisely  analogous  to 
what  may  happen  with  a  thermal  pencil,  its  entire  absorption  being  caused  by 
passing  it  through  two  media  EUccoaslTelj,  each  of  which  absorbs  the  rays 
transmitted  by  the  other.  Viewed  in  this  manner,  it  may  be  said  that  rock-anlt 
ia  colorless  as  reapecta  heat,  while  alum,  ice,  and  sugar-candy,  are  almost  black. 
It  is  a  fact  of  common  observation,  that  snow  melta  more  qnickly  nnder  trees 
aad  bushaa  than  in  those  spota  which  receive  the  direct  rays  of  the  snn.  This 
ia  proTcd  by  MoUoni  to  be  owing  fo  the  fact,  that  tho  rays  emitted  by  the  heated 
branches  are  of  a  different  nature  from  the  direct  rays  of  the  sun,  and  mora 
easily  absorbed  by  snow  than  the  latter. 

647.  Applications  of  the  diatheimanoy  of  bodies.— The  air  is 
undoubtedly  very  diathermanie,  or  else  the  upper  layers  would  be  heated 
by  the  solar  raya  passing  through  them,  while  we  know  that  they  are 
only  slightly  heated  by  this  means. 

In  certain  processes  of  the  arts,  workmen  protect  their  faces  by  a 
glass  mask,  which  allows  the  passage  of  the  light  but  arrests  the  heat 

In  certain  physical  experiments,  where  heat  ia  to  be  avoided,  the 
light  is  first  passed  through  a  solution  or  plate  of  alum,  whereby  the 
Aeal  is  arrested.  On  the  contrary,  if  tho  heat  is  directed  upon  rock-salt 
covered  with  lampblack,  the  light  ia  arrested  but  the  heat  passes  through 
but  slightly  diminished. 

64S.  Refraotion  of  heat. — Heat,  like  light,  ia  refracted,  or  bent 
out  of  its  course,  in  passing  obliquely  through  diathermanie  bodies,  aa 
is  shown  by  the  burr ing-gl ass.     A  double  conves  lens,  fig.  480,  con- 


d  by  Google 


HEAT.  447 

aentrates   the  rays  of  heat  from   the  snn,   or  other  hPaWd  body,  id 

the   same  manner   ai   it   lonuentratpa  the  rays  of  hght      It  is  only 

with   a  lens  of  rock  salt    that  the  rajs  439 

of  all  our  Hourcea  of  heat  can  Ije 

densed,  for  a  len^  of  glws  oontontratea  - 

only  the  solar  rava   and  betunies  it 

heated  by  artititi  li  heat 

A   lem  of  ic   was    made   in    England  in  _ 
1763,  hating  a  diapjeMf  of  i  metrsa  |!18  112 
in  )    al  whoaa  foi-OB  gunpowder    paper 
other  GombuetiblGs  were  inflamsd.     Barning- 
glasBBe  have  gBQerally  more  power  than  11 
duco  their  more  iotense  effects  on  high  n: 
the  air  ia  fret  from  moistara,  and  the  eular  rays  lose  less  of  their  intensity  in 
passing  through  it. 

649.  Polarization  of  beat. — Heat  is  polarized  in  the  same  manner 
as  light.  It  undergoes  double  refraction  by  Iceland  spar,  and  the  two 
beams  are  polarized  in  planes  at  right  angles  to  each  other.  A  pencil 
of  heat,  polarized  by  a  plate  of  tourmaline,  or  by  a  Niool's  prism,  is 
transmitted  or  intercepted  by  another  tourmaline  plate  or  Nicol'a 
prism,  in  the  same  circumstances  that  a  pencil  of  polarized  light 
would  be  transmitted  or  intercepted. 

Heat  also  suffers  a  rotation  of  its  piano  of  poiariiation,  hy  plates  of  right  or 
left-handed  quartz,  in  the  same  direction,  and  to  the  same  extent  as  light  of  the 
same  rcfrangibility.  Polarisation  of  heat  is  also  effected  by  reflection  from 
plates  of  glass,  or  by  repealed  refraotton,  also  by  rofleolion  from  the  atmosphere, 

responding  with  similar  point*  in  regard  to  polarized  light.     The  phenomena 
of  magnetic  rotary  polarisation  of  heat  have  also  boon  observed. 

Prof.  Forbes  of  Edinburgh  first  demonstrated  the  polarization  of  heat. 

Knoblauch  has  obtained  distinct  evidence  of  the  difiraction  and  iater- 
ferenoe  of  the  rays  of  heat. 

I  6.  Calorimetry, 

650.  Caloiimetiy.— The  amount  of  heat  required  to  produce  a  giyen 
temperature  varies  greatly  for  the  diiFcrent  bodies  fo  which  it  is  applied. 
Calorimetry  (from  ealor,  heat,  and  /lETpov,  measure)  is  the  measure- 
ment of  the  quantity  of  heat  which  different  bodies  absorb  or  emit 
during  a  known  change  of  temperature,  or  when  they  change  their 
stat-j.  Water  absorbs  or  emits  a  much  greater  quantity  of  heat  during 
a  change  of  temperature  than  the  same  weight  of  any  other  substance. 
It  ia  therefore  selected  as  the  standard  of  comparison. 

TTnit  of  Heat. — The  quantity  of  heat  which  is  required  to  raise 
a  pound  of  pure  water  from  32°  h>  33"  F.,  is  reckoned  as  the  unit  0/ 
heal,  or  themial  unit,  both  in  this  country  aud  iu  England- 
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tn  France,  and  id  Europe  generally,  the  thermal  unit  is  the  quantity 
of  heat  necessary  to  raise  one  kilogramme  [2-20486  lbs.)  of  water  from 
0"  to  r  C. 

651  Spe  fi  li  at. — If  equal  weights  of  water  and  mercury  at  the 
t  )  t  be  placed  over  the  same  source  of  heat,  it  will  he 
f  d  th  t  tl  m  ourj  becomes  heated  much  more  quickly  than  the 
w  t  Ih  t  wl  the  water  is  heated  10"  the  mercury  will  have 
h  h    t  d       0   ;  the  oapauity  of  water  for  heat  is,  therefore,  33 

t  m  g      t      th  t  of  mercury.     Each  substance  in  this  regard  has 

Its  own  cftpaiity  fo  heat.  This  relation  is  called  caloric  capacity,  or 
more  oorawonly,  specific  heat.  Table  XI.  contains  the  specific  heats  of 
certain  solids  and  liquids  as  determined  by  Begnault. 

Three  methods  have  been  devised  for  determining  the  speciSo  heat 
of  bodies:  these  are,  1st,  the  method  of  mixture  ;  2d,  by  the  melting  of 
ice ;  3d,  by  cooling. 

Method  of  Mixture.— This  method  is  esceedingly  simple  in  theory, 
and,  with  suitable  care,  exact  in  ita  results. 

In  dotermiaing  the  apeclflo  lieal  of  solids  by  this  method,  a  woiglied  mass  of 
each  substance  is  boated  to  the  ptopor  degree,  and  is  then  plunged  into  a  mea- 
sure of  water  of  known  temperatore  and  weigbt.  Tbe  elevation  of  tomperaturo 
produced  in  each  case  is  carefully  nolecl. 

If  a  pint  of  water  at  150°  be  mixed  quickly  with  a  pint  at  60°  P.,  the  two 
measures  of  water  will  have  a  temperature  of  100°,  or  the  arithmetical  mean  of 
the  two  temperatures  before  miiture.  If,  however,  a  measure  of  mercury  at  50° 
be  mingled  with  an  equal  jjioasure  of  water  at  150°,  the  temperature  of  tba 
mixture  will  be  118^.  Tho  meroury  has  gained  68"  while  the  water  has  lost 
32".  Henee  it  is  inferred,  that  the  same  quantity  of  beat  will  raise  the  tempera- 
ture of  mercury  through  twice  as  many  degrees  as  that  of  an  equal  volume  of 

If,  however,  equal  weights  of  these  bodies  be  taken,  the  resulting  tampcrature 
is  then  still  more  in  contrast.  A  pound  of  mercury  at  40=,  mined  with  a  pound 
of  water  at  156°,  produces  a  miiture  whose  temperature  is  152°B.  The  water 
loses  a"'?,  while  the  mercury  gains  112''-S,  and  therefore,  taking  the  speoifio 
heat  of  water  as  1,  that  of  the  meroury  will  be  0033,  since, 
112'''3  :  3=-r  =  1  :  a  =  (0-033.) 

Method  by  Fusion  of  Ice. — This  method  is  founded  on  the  quan 
tity  of  ice  melted  by  difi"erent  bodies  in  cooling  through  the  same  number 
of  degrees. 

Lavoisier  and  Laplace  contrived  the  apparatus,  flg.  481,  used  for  this  purpose, 
and  called  a  caiorimelflr.  It  consists  of  three  vessels  made  of  sheet  tin  or 
eopper.  In  the  interior  vessel,  c,  pierced  with  holes  and  closed  by  a  double 
eover,  is  placed  the  substance  whose  specific  heat  is  to  be  determined.  This  ia 
entirely  surrounded  by  ice  contained  in  the  second  vessel,  5,  and  also  on  the 
cover  In  order  to  out  off  the  heat  of  the  .lurrounding  air,  the  eiterior  vessel,  a, 
to  alsv  filled  with  ioe     Tho  water  from  the  ice  molted  in  this  outer  vessel,  paasea 
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aff  by  the  stop-cook,  r.     Tho  bofly  in  the  interior  vess. 
Burrounding  it,  and  the  walat  from  it  flows  off  through 

The  speciSc  bent  ordifferant  substances  is  determined 
in  this  apparatus  by  the  oornparativ^e  weights  of  tho 
wat*r  produced  during  the  ciperiments ;  in  wh  ha 
cercaia  weight  of  each  body  coois  from  an  agreei 
temperature,  c.  g.  (212=  E.),  to  32°,  the  constant  tern 
perature  of  the  vessel  C. 

The  specific  heat  of  a  liquid  is  determined  by  plac  ng 
it  in  a  vessel,  as  of  glass,  whose  specifie  heal  Imoirn 
The  amount  of  ice  melted  by  the  liquid,  Is  tho  whole 
quantity  of  waWr  produced,  minus  that  wh  oh  would 


dbyll 
method,  though  i 


.mplojed 


The  method  of  cooling  is  fouoded  an  the  diSbrent  ratea  of  cooling 
of  equal  masses  of  different  substances;  those  having  the  greatest  specific 
heat  cooling  most  slowly. 

The  applioBtioD  of  this  method  is  also  attended  with  so  many  sourcea 
of  error  that  it  is  seldom  employed,  and  need  not  be  described. 

Specific  heat  affected  by  change  of  state. — A  body  in  the  liquid 
state  has  a  greater  spocilic  heat  than  when  it  is  in  the  solid  form,  as  might  b« 
d  from  the  faot  that  the  addition  of  heat  is  necessary  to  convert  the 


uid. 


uid,  0-2340;  ] 


The  high  specifie  heat  of  water  moderates  very  greatly  the  rapidity 
of  natural  transitions  from  heat  to  cold  and  from  cold  to  heat,  owing  to 
tho  large  quantity  of  heat  emitted  or  absorbed  by  the  ocean,  and  other 
bodies  of  water,  in  accommodating  themselves  to  variations  in  external 
temperature. 

652.  Specific  heat  of  gases. — If  a  unit  of  weight  of  any  gas, 
allowed  to  expand  freely  without  change  of  pressure,  is  heated  from 
the  freezing  point  one  degree,  the  amount  of  heat  thus  absorbed,  mea- 
sured in  fractions  of  the  unit,  Is  called  the  specific  heai  under  coitsfanl 
pi-essure.  If  the  same  gas  is  heated  one  degree,  when  so  confined  that 
ita  volume  cannot  be  increased,  the  amount  of  heat  required  to  produce 
the  change  of  temperature  is  called  the  specific  heal  muier  a  constant 
Biilume. 

When  the  heat  required  to  raise  the  temperature  of  equal  volumes 
of  different  gases  one  degree,  is  determined,  tho  results  obtained  are 
called  specific  heat  by  volume.  In  these  determinations  the  unit  of 
volume  is  the  volume  of  a  unit  of  weight  of  air  when  the  baiometHe 
pressure  Is  30  inches. 
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The  felflrminatLon  of  the  BpeeiEc  heat  of  gases  is  a  problem  involTed  b 
ths  groHtost  practical  difficulties,  and  autliarities  vary  saucwhat  in  the  results 

The  most  valuable  researches  in  regard  to  the  specific  heat  of  gases 
have  been  made  by  Regnault.  He  lias  established  the  following  very 
important  preliminary  principles  : — 

First.  The  spedjic  heal  of  gasea  U  sensibly  the  same  at  all  tempera- 

Second.  The  amount  of  heal  required  to  raise  the  temperature  of  j 
given  weight  of  any  gas  one  degree  does  not  vary  with  the  pressure  to 
which  it  is  subjected,  and  hence  the  specific  heal  of  gases  is  the  same  for 
all  densities. 

Regnault  eipeTimented  on  air  and  othor  ga^BS  nndar  preesurea  raried  from 

which  the  aamo  weight  of  a  gas  lost  nadcr  these  difeieDt  preSEurea  in  couling 
tlie  eame  number  of  degreea.     Neverfhelesa  he  thinlia  it  possible  that  slight  dif. 

Table  XI.  c,  givea  the  apeoiGc  beats  of  different  gases  and  rapurs  aa  determined 
by  Regnault.  The  specific  heat  by  weight  being  determined  under  a  constant 
pressure,  the  gaa  being  allowed  to  expand  freely. 

The  specific  heats  by  volutpe  given  in  the  table  were  obtained  by  multiplying 
the  speoiflo  heat  by  weight,  by  the  specific  gravity  of  the  several  gases  and 
Tapora,  as  compared  with  air  taken  as  unity. 

653.  Specific  heat  of  gases  audei  a  constant  volume. — It  is 
well  known  that  the  temperature  of  a  confined  luiiss  of  air  can  be 
raised  sufEcientlj  high  to  ignite  tinder  by  mechanical  cfindensation, 
i  T39,  and  it  seems  reasoaable  to  suppose  that  the  same  amount  of  heat 
is  expended  in  producing  an  equal  degree  of  expansion  when  a  gas  is 
heated. 

It  has  been  stated  (60S)  tiiat  gases  e:tpand  jjy  part  of  their  volume  fur  an 
eleration  of  tsmperatare  of  1°  P.     Let  (  represont  the  small  increase  of  tcmpe- 


It  is  obvious  that  if  the  value  of  i  could  be  determined  by  condensing  a  gas, 
icd  observing  the  increase  of  temperature  the  value  of  S',  tbe  specific  boat 
ander  a  eonaCant  volume  could  be  readily  calculated.     The  unavoidable  loas  of 

tuLs  rendered  it  hitherto  inipossible  to  obtain  accurate  values  of  t  by  this  method, 
tad  similar  difficulties  have  attended  the  determination  of  the  epeoiflo  heat  under 
1  constant  volume  by  other  direct  methods. 


The  principles  of  acoustics  have  happily  furnished  an  indirect  method 
of  determining  the  specific  heat  of  gases  under  a  constant  volume  with 
jrcat  iiccnracy. 
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Specific  heat  determined  by  the  laws  af  acoustics.—  Uj  c 
eidering  the  cooditiona  of  an  elastic  fluid  during;  the  t 
e,  Newton  obtained  the  following  for 


=  ^4 


oitj  of  sound  in  any  gas : 

In  this  formula  V  is  the  velocity  of  sound,  g  the  force  of  gravity,  H 
the  height  of  the  barometer,  and  d  the  douaity  of  the  gas  referred  to 
mercury  as  unity.  This  formula  gives  for  the  velocity  of  sound  in  dry 
air  at  32°  F.,  when  the  barometer  stands  at  30  inches,  V'=  S83  feet, 
which  is  lees  than  the  true  velocity  of  sound  ( 1086  feet,  J  344)  by  more 
than  one-sixth  of  the  whole. 

Laplace  discovered  that  this  error  resulted  from  the  effect  of  heat 
developed  and  absorbed  by  alternate  compression  and  rarefaction  of 
the  air  in  the  transmission  of  sonorous  waves,  and  he  showed  that  the 
formula  for  the  velocity  of  sound,  taking  into  account  this  effect  of  heat, 

should  be. 


1  which  S  represents  the  specific  heat 

essure,  and  iS'  the  specific  heat  under  a 
constant  volume. 

From  this  formula  we  obtain,  by  transposition,  5'  =  '■^tt,  ffom  which 

we  readily  obtain  the  value  of  the  specific  heat  of  a  gas  under  a  con- 
slant  volume,  vrhen  the  velocity  of  sound  in  the  medium,  and  the  other 
constant  quantities,  are  known. 

By  this  method  Dulong  has  obtained  for  the  specific  heat  of  gases, 
under  a  constant  volume,  the  values  ^ven  in  the  following  table ;  but 
the  results  obtained  are  regarded  only  as  approximations ;— 


TOlnme. 

s-s 

l+t 

Air, 

0-2377 

0167Sf 

0-0699t 

1417t 

1  Oijgen,    .    .    . 

0-170a 

007flT 

1-41S 

0'23sa 

o-oaet 

1-407 

Oiyd  of  earbon. 

0-2399 

0  1881 

0-0718 

1-423 

1  Carbonic  aaid,    . 

0-2472 

0083B 

1-338 

lOlefiautgas,  .    . 

0SS72 

0-28B0 

0-0693 

1-240 

Comparing  these  results  i. 
in  a  situation  where  it  is  fri 
is  expended  in  producing 


i  of  air,  we  see  that  when  air  is  heated 
aod,  only  about  ^  of  the  heat  applied 
□  of  temperature — as  in   heating  a 
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room  — while  about  i  of  the  heat  is  expended  in  producing  expansion 
of  the  ^r,  to  be  given  out  again  as  the  room  cooIb. 

Dulong  has  deduced  from   his   experiments  the  following  conclu- 

1,  Equal  volumes  of  aU  gases,  measured  at  Ike  same  temperature  and 
pressure,  set  free  or  absorb  the  same  quantity  of  heat  mhen  they  itr4  com- 
pressed or  expanded  the  same  fractional  part  of  their  volume. 

If  all  gases  had  the  saioe  speoifio  heat,  the  same  change  of  volume 
would  be  attended  by  the  same  change  of  temperature.  But  thia  ia 
the  case  only  with  oxygen,  bjdrogen,  and  nitrogen.  The  speoifio  heats 
of  compound  gaaea  differ  considerably  from  each  other,  and  change  of 
volume  causes  lesa  change  of  temperature  in  proportion  as  tho  specilio 
heat  of  the  gas  is  grenler. 

2.  The  variations  of  temperature  which  result,  are  in  the  inverse  ratio 
of  the  specific  heats  under  a  constant  volume. 

Whether  these  lawa  are  tbe  exact  expreaaiona  of  the  truth,  or  only 
approximately  correct,  remains  to  be  determined  by  further  inveatiga- 

654.  Relation  between  the  apecifio  heat  and  atomic  weight  of 
elements  and  compounds. — Dulong  and  Petit,  from  their  researchea 
upon  the  elements,  were  led  to  conclude,  that  the  ultimate  atoms  of  all 
elements  poaaeaaed  the  same  capacity  for  heat,  and  they  accordingly 
unnounoed  the  law,  that:— 

The  specific  heat  of  elementary  substances  is  in  inverse  ruiio  to  their 
atomic  weights. 


Thii  law  appears  to  be  trne  for  most  of  the  elemontP, 

as  wil!  be  Men  by 

aminine  Table  XI.  of  Atomio  Weigbts  and  Spwiflo  Ue 

ta.     It  wiU  be  co- 

ed, that  tbe  one  iaoreasoa  in  almost  tbe  oxact  proportion 

in  wbioh  the  other 

miniBbea,  and  that  by  multiplying  tbem  together,  a  verj  n 

at  is  obtained.     Soma  elomeota,  ae  thoaa  given  in  the  low 

r  part  of  tb«  table. 

ve  a  product  (0  X  P)  double  of  the  others.     So  that  eq 

.ivalant  «eiehta  of 

ese  wonld  contain  twice  us  jnuob  heat  as  equivalent  we 

ghts  of  thoEe  Erst 

Tbe  relation  between  the  spcoifia  heat  and  atomic  vreight  o!  compounds  la 
expressed  by  Regnault  in  the  following  law  :— 

In  all  compound  bodies  containing  the  same  number  of  atoms,  and  nj 
similar  chemical  constitution,  the  specific  heats  are  in  inverse  ratio  to 
their  atomic  weights. 

I  1.  Liquefaction  and  Solidification. 

855.  Latent  heat.— During  the  converaiou  of  a  solid  into  a  liquid, 
or  of  a  liquid  into  a  gas  or  vapor,  a  certain  quantity  of  heat  is  absorbed 
or  disappears.  Aa  the  thermometer  and  the  aenaea  give  no  evidence 
of  the  existence  of  this  heat,  it  is  called  latent  heat. 

Let  a  pound  of  Ice  and  a  pound  of  water,  each  at  the  temperature  of  33°,  1)» 
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siposod   to   the  eame  source  of  hea 

found,  Bt  tbe  moment  when  all  the  Ic 

oonTerlad  has  still  the  temperatnro  of  B3=';  wliile  the  temperature  of  tho  other 

pound  of  wiitar  has  riaoo  from  32°  to  174°.     As  both  Lave  received  the  same 

amount  of  heat,  it  follows,  that  the  143°  whioh  have  disappeared,  he  va  been  used 

If  a  pound  of  water  at  213°  he  mixed  with  a  pound  of  powdered  ice  at  32°, 
Then  the  ioe  is  melted  tho  two  pounds  will  have  the  temperature  of  only  52°; 
the  ic«  gains  only  20°,  while  the  water  loses  160°.  Here  again  142°  have  dis- 
■piieared  or  have  become  latent. 

656.  Lique&ction  and  congelation  are  always  gradual,  owing 
to  the  absorption  or  evolution  of  heat  duritig  these  processes. 

If  this  was  net  so,  water  at  32°  would  immediatel;  become  ioe,  upon  losing 
the  smallest  additional  porUon  of  its  heat,  and  on  the  other  band,  ioe  would 
Buddenly  pass  from  the  solid  to  the  liquid  state  by  the  smallest  addition  of  heat. 

This  fact,  eoupled  with  the  taw  of  irregular  espansion  of  water,  will  explain 
why  ice  ncrer  acquires  any  very  great  thickness.  The  high  speciSe  heat  of 
water  acts  lo  moderate  the  natural  changes  of  temperatures, 

657.  Freezing  mixtures.— Sol iJ 3  cannot  pass  into  the  liquid  state 
without  absorhing  and  rendering  latent,  a  certain  amount  of  heat.  If 
the  heat  neoessarj  for  the  liquefaction  ia  not  supplied  from  some  eiternal 
source,  the  body  liquefying  wil!  absorb  its  ovfn  sensible  heat.  A  know- 
ledge of  this  fact  enables  us  at  pleasure,  in  the  hottest  seasons  and 
olimates,  to  produce  extreme  degrees  of  oold. 

The  BO-calledfreeninff  mixtures  are  compounds  uf  two  or  more  sub- 
stances, one  of  which  ia  a  solid.  These,  when  mixed  together,  enlei 
into  oombinatioQ  and  liquefy.  The  operation  should  be  so  eonduoted. 
that  no  heat  oan  be  absorbed  from  external  sources,  and  hence,  as  the 
substances  liquefy,  a  depression  of  temperature  results  proportional  to 
the  heat  rendered  latent.     (See  TableXII.) 

The  most  conrenient  freeiing  mixture  is  salt  1  part,  and  ice  or  snow  2  parts, 
universally  nsed  in  the  freeiing  of  ices  and  creams.  With  this  freeiing  mixture, 
a  temperature  of  4°  or  6°  below  lero  can  be  maintained  for  many  hours.  A 
solution  of  equal  parts  of  nitre  and  sal-amrooniae  will  reduce  the  temperatara 
from  50°  to  10°  F.  Very  nell  oonstructod  iee-cream  freeiers  are  now  commonly 
Bold  in  the  shops,  in  which  an  adroit  use  has  been  made  of  the  laws  of  radian- 
heat  aod  oonducHon,  lo  facilitate  the  rapidity  of  this  operation. 

ThHorier,  with  amisture  of  aolid  cflrhonio  acid  and  sulphuric  acid,  or  aulphnrii 
ether,  obtained  a  temperature  120°  below  lero.  More  lately,  Mitchell  obtained  by 
the  same  means  a  temperature  of —130°  and  —146°  F.  At  the  former  temperature, 
alcohol  (Sp.  Qr.  0-79S)  had  the  eoneietenoy  of  oil,  and  at  the  latter  tcmperatnrB 
resembled  meltiag  wax. 

In  the  liquefaction  of  metallic  alloys,  a  similar  depression  is  observed.  When 
an  alloy  composed  of  207  parts  lead,  113  tin  and  234  bismuth,  ia  dissolved  in 
1617  parte  meroory,  the  temperature  will  sink  from  63°  to  14°  F, 

In  producing  eifrome  degrees  of  cold,  the  substance  to  be  operated  upon  is 
firat  cooled  to  a  certnin  degree  by  a  less  powerful  freezing  miiture,  before  the 
■note  energetic  one  is  used ;  the  full  effect  of  the  latter  is  thus  obtained, 
41 
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656.  Lawaof  fuBioa  and  latent  beat  of  fusion  — Expinsiou  (the 
first  effect  ol  lie^t]  hai  a.  limit  itwhiih  sohJs  bet  .me  hriwU  The 
powers  of  cohesion  are  then  Bubordinate  to  those  of  repulsion  and 
fusion  results 

Fusion  talcea  plaeo  in  accordance  with  the  following  laws  — 

1st.  All  joftiio  entn  taio  fusion  at  a  ceilain  lemperaluie,  iitvanabU 
for  t/i«  same  aubalance 

2d.  Whatever  may  be  the  in/ensily  of  Ike  source  oj  heat  lohen  the 
fusion  commeiu.es,  tite  teinpeialure  leniaius  lomlanl  unlU  the  whole  mass 

3d.  The  talent  heat  ofjusion  is  oMaiaed  by  ■multiplying  (he  differ- 
ence betmeen  the  specific  heat  of  the  substance  in  its  liquid  and  solid  form, 
by  Che  quantity  obtained  by  adding  ike  number  256  (a*;  experimental  con- 
gfant  furnished  by  researches  upon  the  latent  heat  of  water]  to  ike  melling 
point  of  the  substance  in  question. 

The  fusion  points  and  latent  heat  of  fusion  of  a  number  of  the  more 
importnnt  substances  are  given  in  Table  XV.  of  the  Appendix,  drawn 
from  the  labors  of  Kegnault  and  others, 

659.  FecuUniiUes  in  tbe  fusion  of  ceirtatn  solids. — Certain 
Eolids  soften  before  they  become  liquefied;  such  are  tallow,  wai,  and 
butter,  while  others  never  become  entirely  fluid.  This  is  because  the 
former  are  composed  of  several  substances,  which  melt  at  different  tem- 
peratures. Metals,  like  iron  and  platinum,  that  are  capable  of  welding, 
soften  before  they  fuse.  Glass,  and  certain  metals,  never  attain  perfect 
fluidity.  The  fusion  of  Bulphur  presents  striking  peculiarities.  {See 
Chemislry.) 

660.  Hebactory  bodies. — Substances  difficult  of  fusion  are  called 
refractory  bodies. 

Among  the  most  refraetory  bodies  are  silica,  the  metallic  onjds,  lima,  barjla, 
alomioa,  Ac.  Their  fusion  may  be  effaotad  by  the  oxy-hydrogon  blow.pipa,  or 
by  tha  oso  of  tha  voluio  battery.  By  these  means,  alao,  Iha  fusion  of  platinum 
is  eCFeotad,  which  resists  tbe  beat  of  a  powerful  blast- Airn ace,  although  a  thin 
wire  of  this  metal  oan  ba  molted  by  tbe  moutb  blow-pipe. 

Carbon  is  tbe  moat  refractory  of  all  bodies.  Its  fusion  has  not  yet  been  per. 
foctly  effeoted;  although,  by  means  of  tba  voltaic  battery,  ProfesEOr  Sillimsa 
obtained  (in  IS22)  unequivocal  evidanees  of  tha  volatUity  and  partial  fusion  of 
this  aubstonca  :  and  more  lately  tbeae  raaulta  have  baen  varifled  by  Deapreti, 

power. 

661.  Solution. — Sattiration. — When  a  solid  immersed  in  a  liquid 
gradually  disappears,  the  process  is  termed  solution.  Thus,  sugar  and 
taXf  dissolve  in  water,  camphor  in  alcohol,  &c.  Solution  is  the  result 
S*  an  attiacticn  esistiog  between  the  particles  of  a  liquid  and  those  of 
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a  5olid.    A  liquid  is  siud  to  be  saturated  when,  at  a  given  temperatur 
it  has  disstlved  as  much  as  possible  of  a  Bolid. 


662.  LawB  of  aolidiacation.— The  passage  of  a  body  from  the 
liquid  to  the  solid  state,  always  oocucs  in  accordance  with  the  fallowing 

1st.  The  soUdificaiion  of  a  body  ialcet  place  at  a  certain  fixed  Umpsra^ 
tare,  lokiek  is  also  that  of  its  fusion. 

2d.  The  temperature  of  a  body  reTitains  constant  from  the  comiMnee- 
meat  ta^  end  of  da  aohdification. 

663.  Elevation  of  tempeiatute  during  Bolidifioation. — When 
liquids  return  to  the  solid  state,  the  heat  which  has  been  absorbed 
during  their  liquefaction,  and  rendered  latent,  is  given  out. 

K  the  sohdiaoation  takes  place  auddenly,  the  heal  sTulved  ia  often  Tcry  appft. 
rant.  Thus  water  maj  be  Of  gled  to  22"  or  23",  and  yet  remain  liquid,  but  if  in 
that  state  it  ia  shaken,  it  beoomeB  at  once  a  eonfuaed  mass  of  ice  erystalB,  and 
rises  lo  32",  the  Erecaing  of  a  part  giving  ont  heat  enongh  to  raiae  the  tempera- 
ture of  the  whole  8°  or  10°.    Thus  we  arrive  at  the  aeoming  parados,  that  freezing 

it  ia  equally  true,  that  melting  ia  a  cooling  proeesa.     Hence,  in  part,  the  cooling 
influence  of  an  iceberg,  or  of  a  large  body  of  anow  on  a  diutant  mountain. 

664.  Chans^  °^  volume  during  solidification,  and  its  effects, — 
Mercury,  and  most  metals,  oontraet  while  solidifying ;  hence,  the  freez- 
ing of  a  mercurial  thermometer  does  not  burst  its  reservoir.  Water 
espauds  during  freezing  to  the  amount  of  one-eleventh  of  its  bulk ; 
hence,  ice  floats  on  the  surface  of  water,  and  close  vessels,  even  of  iron, 
are  burst,  if  frozen  when  full  of  water. 

This  fact  Is  familiar  to  houaekeepers,  who  pravent  the  bursting  of  their  water- 
caaka  during  winter,  by  a  stick  of  wood  placed  in  the  cask,  about  which  the 
hulge  from  eipansion  tahea  place.  Aqueduct  aervico-pipeB  are  often  aaved  from 
Ihe  same  accident  in  cold  weather,  by  allowing  the  wator  to  flow  uninterruptedly, 
thus  pteveuting  tlie  formation  of  ice  crystals,  both  by  motion  and  the  supply 
of  warmer  water. 

A  braes  globe  filled  nith  water  burst  at  32°,  in  the  experiments  of  the  TIo- 
rendne  Acaderniciana,  wba  estimated  the  force  exerted  ae  equal  to  2S,000  pounds 
on  the  square  inch.  A  bomb-shell,  filled  with  water,  and  tightly  closed  by  an 
iron  plug,  whan  exposed  to  aevere  cold  in  Montreal,  diacharged  the  plug  to  a 
distance  of  iOO  feet,  and  a  cylinder  of  iee  eight  inches  in  length  protruded  from 
the  hole.  All  metals  which,  like  water,  assume  the  rhombohedral  form  on 
»olidifioation,  jiroduce  sharp  easts.  Such  are  eaat-iron,  antimopy,  tin,  lino,  and 
blsmti.     ^11   illoys  capable  of  producing  sliarp  casta,  must  contain  such  a 
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meta..     Tjpe-metal  (S  lead  and  1  antimoDy),  bra 

bell-metal  (J  copper  and  3  tin],  are  finniliar  eiamplee. 

silvnr,  and  indeed  most  metals,  except  thoBe  above  enumi 

the  monomefiio  syatera,  and  occnpj  lees  space  as  solids  tbaa  as  fluids,  producing 

Imperfeat  casta.   Hence,  coins  are  stamped,  and  gold,  silver,  and  copper  ntensila, 

and  ornamental  wares  aie  wrought  by  the  hammer,  or  etamped,  to  secure  sharp 

Dees  and  beaut;. 

665.  Preeaing  of  water.— Water  ordinarily  freezes  at  32°;  but  il 
hnjj  already  been  stated  (663)  that,  under  certain  eircu instances,  ii 
may  be  cooled  near  to  22",  and  remain  liquid.  If,  however,  water  is 
turbid,  or  conlains  carbonic  acid,  it  always  freezes  at  32°. 

Certain  experiments  made  in  Franoe  indieate  that  the  lemperalore  to  nhich 
watar  may  bo  eiposed  without  frceilng,  falls  in  proportion  as  it  is  eaposed  in 
tubes  of  smaller  diameter.  This  remarkahle  oircumstanne  seems  to  throw  light 
npon  the  fact,  that  plants,  whose  eapillaries  are  fall  of  juiees,  resist  froet  in  n 
■naaner  bo  noticeable  aa  many  of  them  do.  Nevertheless,  in  very  severe  weather, 
the  trunks  of  large  trees  are  sometimes  burst  open  by  froet- 

Water,  eontjiiniag  salts  in  solution,  freezes  at  a  lower  (emperatare  than  pura 
water.     Thus,  sea  water  freezes  at  27°,     The  ice  formed  from  salt  water,  and 

water  whieh  freeies,  and  not  the  foreign  bodies  it  ooutMns.  Prosen  ink,  and 
other  colored  fluids,  pi'ecipitate  the  coloring  matter,  and  are  spoiled  as  colore, 
until,  by  boiling,  the  precipitate  is  again  diffused.  Likewise,  the  watery  portion 
of  cider,  and  other  weak  alcoholic  liquors,  esposed  to  moderate  cold,  congeals! 
and  the  alcoholic  part  may  thus  be  obtained  in  a  more  oondensed  state. 

Some  absorbent  rocks  are  pulveriied,  and  gradually  covered  by  a  thick  bed 
of  Boil,  by  the  effeols  of  ftoeiing  water  in  breaking  down  their  solid  mass.  The 
value  of  building-stones,  in  our  climate,  depends  much  upon  the  resistance  they 
offer  to  the  action  of  frost.     In  hot  climates  the  effect  is  not  seen,  and  the  oraga 
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ocks  to  frost,  are  made  by  saturating 

cubes  of  the 

material  with  water,  and  repe 

atedly  freeiiug  them.     But  the  same  r 

esult  is  more 

conveniently  obtained  by  ugi 

ug  a  solution  of  sulphate  of  soda.     Th 

,is  salt,  crys. 

talliiing  on  eiposure  to  the  ( 

lit,  effects  the  same  results. 

666.  Absolute  zero.— Since  the  permaneut  gases  contract  jiy  of 
their  volume  at  32°,  for  each  degree  of  Fahrenheit  below  that  point  (or 
expand  that  quantity  for  each  like  increment  of  heat  above  32°),  it  has 
been  inferred  by  Clement  and  D&sormes  that,  at  the  temperature  (f 
—459°  P.  they  would  cease  to  exist  as  gases,  since  the  amount  of  con- 
traction would  then  be  equal  to  thair  initial  volume.  Likewise,  since 
the  volume  of  a  gas  is  doubled  by  heating  from  32°  to  523°,  they  further 
inferred  that  the  quantity  of  heat  added  roust  be  equal  to  that  held  by 
theinitial  volume,  and  that  at —459°  F.  there  must  be  an  absolute  zero. 

J  8.   Vaporization  and  Condensation. 

667.  Vaporization. — Liquids  become  vapors  upon  receiving  a  cer- 
tdn  quaatity  of  heat.  Thus,  water  at  212°  Is  rapidly  converted  into 
■team,  which,  at  or  above  that  temperature,  remains  as  an  invisibU 
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vapor.    This  change  of  stat«  press 
important  phenomena  of  physica. 


ra  onlj  a 


^eof1 


of  the  most  in  leresting  at 
ids,  quietlj',  ai 


•,  is  the  rapid 

formation  )f  vapor  througbont  the  whole  tnasa  of  liquid,  producing  more  or  leas 
■gitalion.  Sitblimalion  is  the  change  of  solids  to  vapors  without  the  interme. 
diata  liquii  condition.  Arsenic,  iodine,  and  camphor  are  eiamples  of  solids 
which  msj'  be  so  changed. 

The  remarkable  disappearance  of  nearly  one  thousand  degrees  of 
heat  when  water  is  turned  into  steam  (and  correspondingly  for  other 
liquids),  will  be  considered  under  Latent  Heat  of  Steam,  J  683. 

668.  Formation  of  vapors  in  a  vacuam, — Evaporation  takes  place 
slowly  in  the  open  air,  owing  chiefly  to  the  atmospheric  pressure.  In 
a  vacuum,  however,  it  occurs  inatantaneously,  because  the  vapor  thea 
meets  with  no  resistance.  This  phenomenon  occurs  in  obedience  to 
the  following  laws: — 

Ist.  All  volatile  liquids,  in  a  vaaium,  volalilize  insiantly. 

2d.  At  the  same  temperature  the  vapors  of  different  liquids  possess 
vnexpial  elastic  force. 

These  laws  are  illastrated  in  the  apparatas,  fig. 
482,  where  four   haronieter  tnbes,  originally  filled 
vith  pure  dr;  mercury,  are  snpported  bj  the  sfand 
in  a  mercurial  cistern,  and  will  all  indicate  upon  the 
scale,  C,  the  same  height  of  column.   A  drop  of  other 
passed  up  to  E,  inatanll;  flashes  into  vapor,  and  de- 
preaaea  the  colnmn  perhaps  half  its  height  or  more. 
ThiB  illuatratea  the  firat  lam.    A  drop  of  hisulphid  of 
carbon  introduced  into  D ;  of  alcohol  Into  B ;  nnd  of 
water  into  A,  will  also  be  respectively  chaoged  to 
vapor,  wholly,  or  in  part,  and  will  depress  the  mer- 
oury  nnequaJly,  in  the  order  of  their  volatility  as 
enumerated.    This  lllaetratea  the  second  law.     If  all 
the  ether  Introduced  into  E  haa  disappeared,  then 
•neceaaive  small  portions  may  be  added,  and  with 
eaeh  addition  an  increased  depression  of  the  mercury 
will  be  obaerved,  until,  finally,  a  point  ia  reached 
where  tbe  ether  remaine  liqnid.     Thia  is  the  point 
of  lalurnlion,  or  maximum  lemion  of  ether  vapor  for 
that  temperotnr*.    A  change  of  tempetoture  will,  of   j 
ciurae,  vary  these  conditions.     If  either  of  the  to 
ic  surrounded  ty  one  of  larger  diameter  dipp 
undet  the  mercnry,  and  so  afibrding  a  cell  Into  wl 
hot  water  may  be  poured,  the  liquid  ether  in  E, 
example,  will  be  vaporiied,  atill  farther  depressing  the  mercury    e 
the  tnmpBiature.     If  a  freezing  mixture  were  similarly  used,  the  rCTcrae  w 
a  portion  of  vapor  nould  be  liquefied,  and  the  mercury  will  rif 
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669.  Satniated  ap 
weaning  uf  these  tern 
tho  apparatus  in  fig. 
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)r  of  diffcre 
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tension  is  the  same,  whaterer  maj  be  the  pressure  to  irhioh 
the  vapor  ia  subjected. 

6T0.  Daltoa's  law  of  the  tension  of  vapors  is 
as  follows : — 

The  tension  or  elastieiiy  of  different  vapors  is  eqaal, 
if  compared  at  temperatures  the  same  number  of  de- 
grees idiom  or  below  the  boiling  point  of  their  respective 
liquids. 

This  law  does  not  perfectly  accord  with  the  reaulta 
of  experiment,  but  it  is  nearly  correct  (cscopt  for 
mercury),  at  short  distances  above  and  below  the 
boiling  point.     See  Table  XIV, =-  =' 

6TI.  ThB  tension  of  vapots  in  commanioating  vessels  nn«- 
qually  heated  is  thesame,  and  ia  equal  to  that  of  the  lower  temperature, 

Thua,  if  s  vessel  oonlMning  wat*r  at  32°,  communioafes  by  a  tube  with  a 

the  same,  as  may  be  asoertaiaed  h;  a  tnanomelEr.  This  ie  explained  by  the 
condensation  which  the  vapor  constantly  snffera  in  the  colder  Tcsael.  Applica- 
tion is  mode  of  this  principle  in  the  condenser  of  the  s team-engine. 

6T2.  Temperature  and  limits  of  vaporization. — The  evaporation 
of  liquids  takes  place  at  temperatures  much  below  their  boiling  points, 
as  oommon  experience  testifies.  Even  at  the  ordinary  temperature  of 
the  air,  water,  many  liquids,  and  even  some  solids  vaporize. 

Evan  mercury,  whose  boiling  point  is  6S2°,  eraporatea  at  all  temporatnrci 
above  60°  F.,  as  was  proved  by  Faradfty.    He  suspended  from  the  cork  of  a  flask 
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p  of  gold   leaf.     After  , 


which  had  risen  in  vapor.  J 
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and  ice  disappear  from  tlie  surface  of  tho  eiirlb  during  cold  weatlier  viea  there 
has  beeu  no  thawing.     Boyle  fouod  that  two  ounces  of  snow,  in  n  verj  cold 

The  eiperiments  of  Faraday,  however,  appear  to  show  tiiat  vapori 
iiatioii  does  not  occur  at  all  temperatures. 

Thus,  mercury  gives  off  no  appreciable  vapor  below  60°,  Sulphuric  acid 
undergoes   no   appreciable    eyaporation    at   ordinary   temperatures.      Faraday 

between  300°  and  400°,  did  not  suffer  the  slightest  eyaporation  whea  kept  in  a 
confined  space  at  the  ordinary  temperatures  during  foiTr  years. 

The  limit  of  eyaporation  is  reached  when  the  cohesive  force  of  the  parllilea 
of  the  solid  or  liquid  overcomes  the  feeble  tendency  to  evaporation. 

673.  CircumstanoeB  inflttenclng  evaporation, — Evaporatioo,  as 
has  been  said,  is  the  slow  production  of  vapor  from  the  Hurfaoe  of  a 
liquid.  The  elastic  force  of  a  vapor  which  saturates  a  space  containing 
a  gas  (like  air)  is  the  same  as  in  a  vacuum.  The  principal  causes 
which  influence  the  amount  and  rapidity  of  evaporation,  are  as  fol- 

Ist.  Exleil  if  mrfant.     As  the  cviporation  takes  place  from  the  surface,  an 

2d.  Temperatta-e,  by  increasing  the  elastic  force  of  vapor,  increases  the  rapidity 
of  evaporatjon ;  therefore,  the  temperature  of  ebnllition  marks  the  maiimum 
point  of  evaporation. 

3d.  The  qaatuity  of  &e  tame  liquid  ahtudij  v\  Ihe  almoBpliere,  eiercises  an 
important  influence  on  evnporatioD.  When  the  air  is  saturated,  evaporation 
ceases  ;  it  is,  therefore,  greatest  when  the  air  is  free  from  vapor. 

4th.  Renewal  of  the  air  facilitates   evaporation,  since  new  portions  of  air, 

rapid  in  a  breeie  than  in  still  air. 

5th.  Pieiiure  on  the  turfaee  of  Ike  liquid  influences  evaporation,  because  of 
the  resistance  thus  offered  to  the  escape  of  the  vapor. 

Prof  Daniell,  from  a  series  of  researches  on  the  rate  of  evaporation,  deduced 
the  following  law,  vis.  s— 

The  lapidilg  o/  eeaporalion  it  inveriely  as  the  preeiure  i.pon  lie  »Kr/QC«  of  the 
evaporating  liymd. 

674.  Dew-point. — If  eir  saturated  with  moisture  is  cooled,  a  por- 
tion of  the  moisture  will  be  precipitated  as  dew.  The  ten  perature  at 
■which  this  deposition  of  moisture  commences,  is  called  the  dua-pomt. 
The  dew'point  is  nearer  the  temperature  of  the  atmosphere,  the  more 
fully  the  air  is  saturated  with  moisture.  Tbe  methods  of  determining 
the  amount  of  moisture  contained  in  the  atmosphere,  will  be  described 
in  the  chapter  on  Meteorology, 

675.  Bbullition. — The  elasticity  of  the  vapor  from  a  boiling  liquid 
is  equal  to  the  pressure  of  the  superincumbent  atmosphere. 

When  water  is  boiled  in  a  glass  vessel,  the  phenomena  of  ebulliti.>n  may  be 
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e  formed  in  tbe  lowe 


aaller  as  they  rise,  and  finiillj  n 
liquid  nitb  a,  seiies  of  little  coisea,  pioducing  what  we  oull  sinii 
time,  when  the  masa  of  liquid  altains  a  neatlj  uniform  temperi 


e  the  heat  is  applied. 


blesii 


.!  they  ri 


aurfart 


o  the  ' 


nfroi 


[  aurfneea, 

Is  they  reaeli  the  esletnal  air,  at  the  surface  of  the  liquid,  they  con- 
oudy  vapor,  which  is  oommonly  enlled  sleam,  but  which,  in  reality, 
water  in  exoeediogly  minnte  globules,  eteam  itself  being  inviaible. 
When  a  liquid  baa  reached  die  boiting  point,  a  comparatively  smail  quantity 
if  heat  maiatains  it  at  that  temperature.  Water,  or  any  other  liquid,  boiTln}^ 
temperature  as  when  il 


Bubjected.   . 


,  only  c, 


it  the  ' 


»n  in  Table  XVII, 

6TG.  Ciioamatances  iiiflueiicmg  the  boiling  point.^Tlie  prin- 
cipal of  these  are : — 

1.  Adhesion.  It  is  probably  owing  to  the  different  dcgrcea  of  adhe- 
sion betweeu  the  liquid  and  the  surfaces  of  the  vessels,  that  the  boiliug 
point  of  water  varies  in  vessels  of  different  materials. 

quantity  dissolved.  Thus,  a  saturated  Eolutioo  of  common  salt  boils  at  227°  F,; 
of  nitre  at  240° !  of  oarbonale  of  potash  at  275°;  and  of  carboBBlo  of  3oda  at 
220°.  This  is  probably  owing  to  tbe  ndbesion  esiating  between  solids  and 
liquids,  which  oppoaea  itaelf  to  the  ropulaiTo  force  of  heat.  Tbe  vapor  rising 
from  boiling  solntions,  Rudburg  saya,  bai  only  the  temperiilure  of  ateam  from 
pure  water  boiling  in  free  air.  Aceardiog  to  Regnault,  Cho  temperature  of  the 
vapor  of  a  boiling  saline  sobiiion,  appeara  very  nearly  equal  to  that  of  the 
liquid.     It  is  extremely  ditBcult 


(heth 


m  of  condensed  w 


le  bulb  of 


3.  Pressjire.     As  ebullition  eonsists  in  tl  e  rap  d  foi 
of  the  same  elasticity  as  the  super  ncumbent  atmospht 
that   if  the   pressure  is  diiain'iiel    tbe  bo  1  ng 
point  will  be  lowered ;  and  if  it  be   ncrease  i   thit 
the  boiling  point  will  be  raised 

which  has  cooled  considerably  heluw  the  bo  ng  po  nt 
beneslh  the  receiver  of  sn  air-pump  and  eiha  e  ng  he 
air,  fig.  184.  As  the  air  is  removed  the  wa  er  e  ten 
into  violent  ebullition,  even  at  a  temperature  of  125° 
Liquids  generally  boil  in  vacuo  at  a  temperature  of  f  ora 
70°  to  140°  below  their  point  of  ebnll  t  on  under  the  ord 
naryatmospbericpresanre^Blackaay  140   fralllq     13 

heights  of  the  barometric  column.     Thoae  reBulla  have  1 
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their  correspoiidiDg  elevut 
6T7.  The  calinaiy  paradox  is  an 

[neoa  of  boiling  uader  diminiahed  pi 
A  small  quantLty  of  water  is  boiled  in  a.  glass  flasli 
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ling  point  of  water  at  ^ifforent  places,  wi 
the  level  of  tbe  sea. 

lUent  illustratiiiD  of  the  pheii 


48S 


ted  in  the  i 


uoutb,  and  tl^e  bent  ia  tot 
fiafk  ia  tbcu  snpportod  in  an  inrerted 
ia  shown  in  fig.  485.  Tbc  water  atill  < 
boil  more  violently  tban  when  over  the  fli 


Dialling  the  beat  needed 


GTS.  jyaeial  applioations  in  the  aits  arc  conKt^Lntl^  nindc  of  the 
facts  just  explaiDed,  to  concentrate  vegetable  estracts,  cano-juiee,  &o., 
under  diminished  pressure,  and  consequently  at  a  temperature  below 
the  point  where  tiiere  13  any  danger  of  injury  from  heat.  Sugar  is 
usually  eoneentrated  thus  in  large  close  copper  vessels,  called  vacuum- 
pans,  at  a  temperature  of  150°  F.,  aided  by  a  powerful  ^t-pump  and 
condenser  to  remove  the  vapor  rapidly.  There  is  no  economy  of  fuel 
by  boiling  under  diminished  pressure,  as  will  be  uuderstood  from  what 
ia  said  her    f 

679.  Meaan  em  ut  of  h  ghta  by  the  boiling  point. — Hypao- 
meter. — 0  J    g  m  the  boiling  point  of  liquids  falls, 

because  th      tra    i.h         p  less,  and  conversely  in  descending 

into  mine  A  t      b        ations  show,  that  a  difference  at 

about  543  feet  1  t  p  d  a  variation  of  1°  F.  in  the  boiling 
point  of  w  t         Th     m  h  rmometer  (579)  is  used  in  these 

observtttJi:  Fah  nh  t  li  t  p  posed  determining  the  heights  of 
mountains  by  th   d  p        d  tempe  ature  cf  boiling  water. 
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680.    High,    piessure    steam 
boiling  poiDt  naea   aa   the   prei'iure 
oreaaes,     Thia   fact    is    readily    demi 
Btrated   in   a   general  way  by   Miflc 
apparatus,  fig  4b8, 

A  spiencal  boiler  is  supported  orrr  a  la 
upon   a,  tripod  of  Lrasa.      A  tbi 


exposed  d 


upper  bei 
irestl;  W 


water  boila  nod  the  air  hi 
open  atop-cook  ia  closed 

h  b  and  higher  us  the  column 
rl  n  bh  gauge.  When  the  m 
n  n  he  gauge  a  little  lose 
the  h  ght  f  tbe  Cube,  the  thermi 
nd  ate  49  -5  f.,  when  two-tbirdf 
g  the  b  iling  point 

tain  d  by  R  gnaull. 

Ad  antag  ie  taken  of  the  temperature  of  high 
gelatine  from  bones,  and  to  perform  other  difficult  aotutioos  and  distillation* 
whioh,  at  212°,  would  bo  imposaible  Papm,  a  French  phyaiciat,  wh)  ditd  in 
1710,  first  atudied  these  eBeots  of  high  steam  with  an  apparatns  known  aa 
Papin'a  digostor.  It  ia  only  a  boiler,  of  great  strength,  provided  with  a  aaletj 
Talve  (tben  first  used), 

681.  Produotion  of  cold  by  evaporation. — A  liquid  grows  sen- 
sibly colder,  if  while  eTaporating  it  does  not  reoeire  as  much  heat  as  it 
loses,  and  the  more  sensibly  so,  as  the  evaporation  is  move  rapid. 

Ban  de  cologne,  bay-ram,  or  ether,  erapoTating  from  the  aorfaoe  of  the  akin, 
producea  very  sensible  eoldnesa,  due  to  the  rapid  abaorption  of  the  bodily  heat 
in  the  evaporation.  Portions  of  body  may  be  thus  benumbed  and  rendered 
inaensible  to  pain  during  surgital  operations. 
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eonduotion  and  evaporatloQ.  Wet  ololiies  are  pernicioua,  chiefly  from  the  rapid 
losB  thoj  cause  of  aDimal  heat  during  evaporation,  thus  impeding  the  eireula^ 
tion.  In  liot  cliinataa,  where  ice  is  rare,  water  is  oooled  to  an  agreeable 
lemperacnre  by  the  uae  of  jars  of  porous  earthenware  placed  in  a  draught  of 
wc.  The  surface  moiBtora  is  rapidly  eyaporalcd  by  the  dry  air,  and  the  water 
in  the  Tosaels  Mis  20  or  30  degrees  below  tho  eiterior  air,  even  at  SO  or  60 
degrees.  Water  is  readily  froicn  in  a  thin  narrow  test-tube  by  the  constant 
BTaporation  of  ether  from  a  muslin  cover  drawn  over  the  outside  of  the  tube. 
In  the  Bast  Indies,  water  is  frozcu  by  its  own  evaporation,  aided  by  radiation, 
in  cool  soreoe  oighta,  when  the  external  air  is  not  below  40°.  For  this  purpose 
shallow  earthen  pans  are  used,  placed  in  a  alight  pit  or  depression  of  the  earth 
nponstrai 
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with  a  mmar 
J  own  by  Mell 


:  7°  be- 
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,ir-pump  (over  ai 

ulphuric  a< 

to  absorb  the  vapor 

,  fig.  489)  seems 

simple;  a 

produced  in  the  cry 
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portion  of  water    i 
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cooling  the  empty  b 

-'^-^ 

■)  of  Dr.  Wollaatou,  fig.  430, 


T^'ining's 

for  producing  ice  upuo  a  commercial  scale  in  those  hot  climates  where  it  cannot 
be  carried  from  colder  conntriea,  by  the  rapid  evaporation  of  a  portion  of  ether 
confined  in  metallic  chambers  contiguous  lo  the  water  vessels — tie  process,  by 
aid  of  aa  air-pump  and  condenser,  being  coctianons  and  without  sensible  loss 

for  the  preservation  of  provisions  or  for  the  comfort  of  the  occupants. 

682.  Iiatent  heat  of  steam. — A  large  amount  of  heat  disappears 
or  h  rendered  lateot  during  evaporation.  According  to  Regnault,  the 
latent  heat  of  steam  is  967°-5.     Its  doterminntion  h  made  in  a  number 


.1  a^di 


be  noted  that  is  required  to 
continued  unlil  all  the  water 

through  the  first  180°,  i.  e.,  f 

boiling  point.     The  latent  heat  of  st 


32°  (. 


temperature  of  32=  is  placed  over  a  sleadj 
ions  of  beat  in  equal  times.  Let  the  timi 
temperature  to  212°.  If  Dow  tbe  beat  L 
:rt«d  ioUi  steam,  it  will  be  found  that  th> 
9  5^  times  that  required  to  heat  the  wate 
212°.  Consequently  5i  times  as  mucl 
m  of  wafer  aa  is  required  to  bring  it  t. 
I  ia  therefore  about  (180°  X  5il  990°. 
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The  Intent  heat  of  ateam  obtained  bj  different  experimentera,  varies 
Bomewhat  aa  foUowa  :^Watt,  950° ;  Lavoisier,  1000° ;  Despreti,  053°-8 ; 
Brlx,  972° ;  Regnault,  967°'5  ;  Fabre  and  Silhermann,  964°-8. 

683,  Latent  and  aensible  heat  of  steam  at  difiereat  tempera- 
tures.—The  whole  amount  of  iieat  in  steam  is  Ihe  latent  heat,  plus  the 
tensibk  heat.  Thus  the  heat  of  steam  at  the  temperature  of  ebullition 
is  967°-5  +  212°  =  1179°-5.  It  has  heretofore  been  generallj  sUted, 
that  the  heat  absorbed  in  vaporization  is  less  as  the  temperature  of  the 
vaporizing  liquids  is  higher.  So  that  if  the  sensible  heat  of  steam  at 
any  temperature  is  subtracted  from  the  constant  1179''*5,  the  remainder 
is  the  latent  heat  of  steam  at  that  temperature.  Forexnmplo:  thelatent 
heat  of  steam  at  279°-5,  is  900°,  at  100°,  1079°-5,  &c.  This  statement 
however  is  found  to  be  somewhat  inaccurate,  although  in  practice  it 
may  be  assumed  to  be  nearly  correct. 

From  the  experiments  of  Regnault,  it  appears  that  the  sum  of  the 
latent  and  sensible  heat  increases  with  the  temperature  by  a  constant 
difference  of  0°-305  for  each  degree  F.,  as  is  shown  in  Table  XXII, 

684.  Meohanical  force  developed  during  evaporation..— During 
'  laof  a  liquid  into  vapor,a  certain  mechanical  force  is  exerted, 
it  of  this  force  depends  on  tlie  pressure  of  the  vapor  and  the 

volume  which  the  liquid  undergoes. 

Tolumea  of  different  liqnids  produce  unequal  amounts  of  vapor  at  thair 
e  boiling  points. 


Now  althougb  the 

latant  heat  of  equal  weights  of  other  vapors  is  ii 

that  :f  Eteam,  yat  no 

advantage  would  arise  in  generating  vapot  from 

place  of  water  in  tbe  s 

teain-engina.    For  equal  volumes  of  alcoholio  and 

Tapor  contain  nearly  i 

the  same  amount  of  latent  heat  at  tbair  respective 
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685.  Liquefaotionof  vapors,  or  the  coaversioD  of  vapors  into  liquids, 
18  aceomplislied  ii  three  ways,  let,  by  cooling;  2d,  by  compression; 
and  3d,  by  chemical  aEBnllj.  Only  the  first  two  of  these  methods  will 
b«  spoken  of.  When  vapors  or  gases  are  condensed  into  liquids,  the 
same  amount  of  heat  is  giyeu  out  as  sensible  heat  which  was  absorbed 
and  rendered  latent  when  they  assumed  the  aeriform  condition. 

686.  Distillation  is  the  aoooessive  eyaporation  and  condensation  of 
liquids.  The  process  depends  on  the  rapid  formation  of  vapor  during 
ebullition,  and  the  condensation  of  the  vapor  by  cooling. 

Distilltttion  ia  used,  flrat,  for  the  separation  of  fiuida  from  solids,  as  the  dii. 
tilltttioQ  of  ordinary  water,  to  separate  the  impurities  oontained  in  it;  2d,  tor 
tho  separation  of  liquids  unequally  volatile,  as  in  the  distillation  of  fermented 
liquors,  to  sepatflta  the  volatile  apirits  from  the  watery  matter. 

687.  Distilling  appaiatna  of  various  kinds  is  employed  according 
to  the  special  purpose  to  which  it  is  applied.  The  most  ancient  is 
the  alembic;  its  invention  is  attributed  to  the  Arabs.  It  consists  of  a 
boiler  of  copper  or  iron,  furnished  with  a  dome-shaped  head ;  to  the 
upper  part  of  this  is  attached  a  metal  tube  which  passes  through  a 
vessel  of  cold  water,  whereby  the  vapor  (as  it  passes  over  when  heat 
is  applied  to  the  boiler)  is  condensed,  and  flows  into  a  proper  receptacle. 

Where  small   quantities  491 

of  liquid  are  to  be  di<-ttlled, 
glass  retorts,  fig.  491,  or 
flasks  are  used.  These  are 
heated  by  alcohol  lamps,  or 
by  small  charcoal  furnaces 
The  receiver  may  consist 
of  a  small  flask  connected 
with  the  neck  of  the  retort, 
as  represented  by  S  By 
means  of  water  floning 
continually  on  it  from  B,  » 
proper  cooling  is  effected  — — 

688.  Physical  identity  of  gases  and  vapors — Ihe  difference 
between  gases  and  vapors  is  merely  one  of  degree  and  their  identity 
in  many  physical  properties  has  already  been  shown  Thus  the  ratio 
of  their  expansion  by  heat  is  the  aamo  as  that  of  the  permanent  gases 
A  permanent  gas  may  be  considered  as  a  super-heaied  vapor;  the  vapor 
of  a  liquid  which  volatilizes  at  very  low  temperatures. 

Theory  of  the  liquefaction  and  solidification  of  gases.— By 
the  last  section,  if  the  esoesa  of  heat  is  removed  from  a  gas,  it  is  in  the 
same  condition  as  au  ordinary  vapor,  containing  only  sufficient  heat  to 
42 
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maintain  il  in  the  aeriform  condition.  Bj  the  compresiiion  of  a  gae, 
heat  is  evolved,  by  rendering  sensible  the  heat  before  latent.  If  the 
oompreaaed  gas  is  then  surrounded  by  a  freezing  miature,  the  further 
abstraction  of  heat  causes  the  condenaation  of  a  corresponding  portion 
of  gas  into  a  liquid.  It  is  thus  by  condeneing  and  cooling  gasec,  that 
their  liquefaction  and  aolidifieation  have  been  effected. 

689.  Methods  of  teduclng  easea  to  liquids. — In  1823,  Faraday 
liquefied  chlorine,  cyanogen,  ammonia,  carbonic  acid,  and  some  other 
gases,  by  the  following  alraple  means. 

The  materials  from  wtict  the  gas  was  to  be  evolved,  provided  they  wore  solids. 


OQg  glai' 


192 


bent  at  an   obtuse    angle 

near    the 

middle    hg    412,  and   the 

heripetkallj   sealed      Heat 

apphed    to    thB  end  eont 

luiQg    the 

materials  (f    g    cyanid   of 

mercurj),    ^ 

while  the  empty  end  was  l 

ogled  jn  a    *^ 

Reeling  mixture      The  pre 

mre  of  the  a^' 

with  the  cold,  liquefied  a  po 

rtionofit.    Othe 

the  tube  had  the  shape  seen 

in  fig.  493.   Th 

funnel  D«,  into  the  curves 

0  and  b,  and  th 

blowpipe.     By  a  simple  tu 

rn  oS  the  tube. 

empty 

liquid  gas  coUects.  Any  Unid  which  distils  over  fr  m 
a,  celleote  in  the  hottom  of  the  middle  onrve.  A  luinufti 
manometer  was  iutrodueed  by  Faraday  into  these  tubes 
in  order  to  determine  the  presEure  at  which  liquefaotlon 
ooourred.  The  manometer  was  a  small  glass  tube  sealed 
at  one  end,  and  holding  a  drop  of  mereur; ;  the  mode 
of  reading  the  pressure  has  been  before  explained  {2(iO) 

Iiater  researches  of  Faraday. — In  1S45, 
Faraday  published  the  results  of  his  esperimenta 
on  the  liquefaction  of  gasea  by  means  of  solid 
carbonic  acid.  A  mixture  of  this  solid  with  ether, 
in  the  vacuum  of  an  air-pump,  gave  him  a  tempe- 
rature as  low  as  — 166°  F. 

In  such  a  bath,  at  the  ordinary  pressure  of  the 
atmoaphere,  oblorine,  oiyd  of  chlorine,  cyanogen,  am-  *94 

monia,  sulphuretted  hydrogen,  arseniuretwd  hydrogen,  hydriodic  acid,  hydro- 
bromic  auid  and  carbonic  acid,  were  obtained  ia  the  liquid  form  under  moderate 

rine  and  oxyd  of  chlorine,  which  are  colored  gases  in  the  ordinary  stale.     A 
number  of  the  liquefied  gases  were  solidified.    The  results  obtained  by  Faraday 

690.  Thiloriet's  and  Bianchi's  apparatus  for  oondensation  of 
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gMSB,— To  avoid  the  danger  of  esplosion  in  the  use  of  glasB  tube? 
and  at  the  same  time  to  obtain  large  supplies  of  liquid  gases  in  a 
manageable  form,  a  powerful  apparatus  of  iron  has  been  contrived  bj 
Thilorier ;  and,  more  lately,  another  by  Eianohi  witli  meohanieal  com- 
pression, for  a  description  of  which  reference  maj  be  haii  to  the  Author's 
Ghemisiry, 

691.  Properties  of  liquid  and  solid  gasea.— Liquid  carbonic  acid 
ja  colorless,  like  water,  and  has  a  density  of  0-83.  Its  coefficient  of 
expansion  is  mere  than  four  times  that  of  air.  Twenty  volumes  of  the 
liquid  at  32°,  becoming  29  volumes  at  86°. 

The  solidified  aflid  obtained  by  the  evaporation  of  a  portion  of  the  liquid, 
appears  iu  the  form  of  snow ;  when  congealed  by  intense  cold  alone,  it  is  olear 
and  transparent  like  iee.  It  meltj  at  a  temperature  of  —70"  E.,  and  is  heavier 
than  the  liquid  bathing  it.  The  solid  acid  may  be  preserved  for  many  hours  if 
it  be  sncrounded  with  eolton  or  some  other  poor  conductor  of  heat.  It  eradually 
vaporiies  without  assuming  the  liquid  form.  The  temperatnrs  of  Ibis  solid,  as 
det*nnined  by  Faraday's  espcriments,  is  about  mfl"  below  0°  F.  Although  so 
intensely  cold,  it  may  be  handled  with  impunity,  and  when  thrown  into  water, 
the  latter  is  not  frosen.     By  moist*niiig  it  with  ether,  to  which  it  has  a  strong 


adhesion,  i 

its  low  temperittui 

wooden  ba 

isin  and  covered  with  ether,  and  then  solid  carbonic  acid  be  added. 

7  will  soon  be  frl 

lien.     Tbo  temperature  required  to  fVeeie  the  mer- 

i 

en  mercury  may  be  drawn  into  bars,  or  moulded 

N 

!  of  liquid  protoxjd  of  nitrogen  and  bisul- 

phd 

nperature  of  —220°  F.     Even  at  this  low 

t     p 

and   biaulphid  of  carbon  preserve  their 

fl    d  y 

In  pro  it 

piydof  nitrogen  f 

aa  in  pure 

oxygen;  comlius 

tion  also  takes  ploce  in  liquid  protoiyd  of  nitrogen, 

notwithstanding  the  intense 

cold.    A  fragment  of  burning  eharcoal,  thrown  inta 

this  liquid 
there  is  a 

,  burns  with  briili 
lemperaturc  of  at 

ant  scintillations,  and  thus  almost  at  the  same  point 
iQut  3600°  above  and  180"  below  Fahrenheit's  zero. 

692.  Latour's  law.— -From  his  experiments  on 
liquids  into  vapors,  Caignard  de  Latour  announced  the  following  law  :— 

There  i>  for  every  vaporieable  liquid  a  certain  temperalure  and  pres 
tare  at  which  U  may  be  converted  into  the  aeri/orvt  stale,  in  l/ie  lann 
tpace  occupied  by  the  liquid. 

In  these  experiments,  strong  glass  tubes,  furnished  with  interior  manometei 
gauges,  were  partially  filled  with  water,  alcohol,  ether,  and  other  liquids,  an< 
hermetically  sealed.  The  temperature  of  the  tubes  was  then  gradually  raised 
Elher  becomes  a  vapor  at  32S°,  in  a  space  equal  to  double  its  originnl   bulk 

with  a  prcjBure  of  119  atmi  ijlieree,  and  water  disappeared  in  vapor,  in  a  spae. 


db,  Google 


468  PHYSICS   OF  IMPONDERABLE  AGENTS, 


,t  the  tempetatute  of  about  773'.     If  Muriode's  law 

greater  tliaa  were  actually  obaerved.     Even  before  a  liquid  wholly  disappears, 
tlie  elasticity  of  the  vapor  is  found  to  inorease  in  a  proportion  far  grealor  than 

prising  ttat  mere  pressare  fails  to  liquefy  many  bodies  which  exist  ordinarily 
as  gases.     Compare  the  statements  respecting  Maiiottc's  law  in  §§  274-277. 

693.  Density  of  vapots. — The  accurate  determinatiau  of  the  deosit; 
nf  vapora,  is  uf  mucli  importance  in  Chemical  Physics.  It  is  accom- 
plished by  filling  a  globe,  or  other  vessel  of  glass,  with  the  vapor  at  a 
giveo  temperature,  and  weighing  it ;  thia  weight,  divided  by  the  weight 
of  an  equal  volume  of  air,  under  the  same  circumstances  of  tempera- 
ture and  pressure,  gives  the  density  of  the  vapor.  The  details  of 
the  methods  in  use  for  this  purpose,  belong  more  appropriately  to 
chemistry. 

I  9.   Spheroidal  condition  of  Xiiqnids, 

694.  Spheroidal  atate.^Drops  of  water  scattered  on  a  polished 
surface  of  heated  metal  do  not  immediately  disappear,  hut  assume  the 
form  of  flattened  spheres,  rolling  quietly  about,  until  they  gradually 
evaporate.  If  the  metal  has  not  a  certain  temperature,  it  is  wetted  by 
the  water  with  a  hissing  sound.  This  observation  was  innde  in  VJiS, 
and  ten  years  after,  Liedenfrost  called  particular  attention  to  the  phe- 
nomenon, Dobereiner,  Laurent  and  others,  also  experimented  upon 
this  subject.  They  found  that  saline  solutions,  as  well  as  simple 
liquids,  would  act  in  the  same  manner  as  water.  It  is,  however,  to 
Boutigny  that  ive  are  particularly  indebted  for  the  investigation  of  the 
phenomena  of  the  spheroidal  state  of  liquids. 

lUuattatloa  of  the  spheroidal  state. — The  above  experiment  may 

be  variously  performed,  according  to  the  ingenuity  of  the  eiperimei  ter. 

A  small  smooth  brass  or  iron  capsule  is  heahid  over  a  lamp,  fig.  49^,  and  a  few 

drops  do  not  wet  the  metallic  surface,  but  roll  about  in  ^^^ 

spheroidal  globules,  uniting  together  after  a  time  it 

singU  mass,  which,  it  will  be  seen,  has  the  form  o 

ablate  spheroid,  and  evaporates  but  slowly.    This  ii 

condition  distinguished  by  Boutigny  as  the  sphert 

state.     If  the  metal  is  allowed  to  coo]  gradually,  wben 

the  tamperatura  falls  to  a  certain  point,  the  liquid  w 

The  spheroidal  state  may  be  produced  in  a  vacuum  as  well  as  in  the 
air,  upon  the  smooth  surface  of  most  solids,  and  also  upon  the  surface 
of  liquids. 

Noticeable  phenomena  connected  with  the  spheroidal  state. 
— There  are  several  important  points  to  be  noticed  as  regards  thii 
curious  subject.     The  chief  of  these  are,  that, — 


db,  Google 


10/ 

ht 

pla 

emu 

.Iquide,  in  order  to 

sphe 

piint  of  the  liquid 

empl 

y 

d. 

Thoa,  with  water 

ph 

dala 

peratnre  of  310°,  a 

d  m 

Btta 

md  ether,  the  plate 

mus 

h 

at  lo 

sr  than  the  boiling  poii 
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and  lis"  reBpectirely.  %hHl 

2.   no  lemperatuye  «/  Ihe  »phei-'.ldi  is  alnaya  lower  than  the  '3**^ 

boiling  points  of  the  liquids.     This  was  detoriotned  bj  Boutigny,  ^ 


Ihe  temperature  of  a  sphecoid  is  n 
tamperatare  of  ebullition  of  the  liquid,  bat  rises 
plate  npoa  nbieh  it  reete  la  mora  inleDsely  heatc 

3.  Tht  iempfratui-t  of  Ihe  vapor  front  n  .pier, 
game  aa  that  of  the  plate  apon  which  it  rests,  n 
the  vapor  la  not  disengaged  from  the  mass  of  Ih 

4.  Tht  rapidila  of  n-aporalion  from  a  ipheroi 
tht  Umperatare  of  tht  plaH  upon  which  I'l  reitti, 
the  following  experiments  of  Bontign; 

With  the  plate  at  (he  temperature  of  392",  the  wat> 
■With  the  plate  at  the  temperature  of  752°,  Ihe  wati 
With  the  plate  at  dull  red  heat,  the  water  erapora 
plat*  at  bright  red  heat,  the  water  evaporated  in  5i 

Water,  in  the  spheroidal  state,  eraporstes  much 
petatnre  of  ordinary  eballition.  Thus,  when  the  plate  was  at  the  temperature 
of  212»,  0-10  arms,  of  water  evaporated  in  4  aeoonda  ;  and  when  at  the  tempera- 
ture  of  392°,  in  20r  seeon^s,  or  about  one-fiftieth  part  as  rapidly. 

695.  Spheroidal  state  produced  upon  the  surface  of  liquids. — 
A  highly  heated  liquid  may  cause  the  spheroidal  stale  in  another  liquid  of  lower 


aelf 


ned  the  s 


turpentine,  atthongh  the  water  is  the  denser  liquid.  Boutignj  has  thus  sustained 
water,  alcohol,  and  ether  on  aulpburio  acid,  nearly  at  its  boiling  point.  With 
sufEoieut  precautions,  a  number  of  liquids  may  be  thus  piled  one  upon  the  other. 

696.  A  liquid  iu  a  spheroidal  state  1b  not  in  contact  with  the 
heated  surface  beneath. — This  must  appear,  on  refiectitiu  upon  the 
facta  already  stated,  nnd  ma;  be  demonstrated  as  follows : — 

A  horiiontal  silver  plate  is  surmounted  by  a  tube  of  the  same  metal,  fig.  497, 
whoso  lower  edges  have  two  longitudinal  slits  opposite  to  each  other.  The  plata 
is  placed  upon  the  eolipile  (704)  containing  alcobo!,  which  is  nicely  adjusted  to 
a  perfect  level  by  the  screws  in  the  triangular  hose.  Silver  is  employed  to  avoid 
the  formation  of  scales  of  oiyd  of  copper,  which  would  interfere  with  the  abser- 
raUon  by  interposing  themselves  to  the  light. 

Whan  the  plate  heated  over  the  tamp  reaches  the  proper  temperature,  a  por- 
uvn  ef  vater  is  placed  upor  its  eentre,  and  immediately  asanmes  the  spheroidal 
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may  ba  aistimitlj  seen.  Thia  couH  not  toppcn  if  llie  liquid  wiu  in  contact 
with  the  plale.  If  a  thick  and  haavy  silver  capsule  ia  heated  to  full  whilancsa 
orer  the  eolipila,  it  may,  by  an  adroit  moyement,  be  flUed  entirely  with  water, 
and  set  upon  n  stand,  some  seconds  before  the  heat  declines  to  the  point  when 
contact  can  occur  betwe*n  the  liquid  and  the  metal.  When  this  happens,  the 
water,  before  quial,  hursts  into  steam,  with  almost  ejplosivo  Tiolence,  and  1» 
projected  in  all  directions,  as  shown  in  flg.  49S. 

697,  A  repulsive  action  ia  exerted  betweea  the  spbeioid  and 
the  heated  surface.— Thia  proposition  foliowa,  indeed,  as  a.  conse- 
quence of  the  last.  It  hns  already  been  demonstratfld,  that  a  liquid  doea 
not  wet  ft  surface,  when  the  oohesion  which  exists  between  its  particles  is 
double  of  their  adhesion  for  the  solid  (234).  This  adhesion  is  not  only 
diminished  by  heat,  but  a  repulsive  action  ia  eserted  between  the  hot 
body  and  the  liquid,  which  becomes  more  intense  aa  the  temperature 
is  higher.  This  repulsive  action  is  strikingly  demonstrated  by  the 
following  experiment  of  Boutignyi — 

A  few  drops  of  water  ware  let  fall  into  a  basket,  formed  of  a  net-work  of 
plBtinnm  wires,  heated  red-hot.  The  water  did  not  pass  through  tha  meshes, 
even  when  the  basket  was  rapidly  rotated.  But  when  the  metal  was  sufficient!? 
cooled,  the  water  immediately  ran  through  in  a  shower  of  small  drops,  or  was 
quickly  dissipated  in  vapor.  It  would  also  seem,  that  vapors,  like  liquids,  are 
repelled  from  the  healed  surface,  for  Boutigny  found  that  a  hot  silver  diah  was 
not  attacked  by  nitric  acid,  or  one  of  copper  by  sulphuric  acid  or  ammonia, 

ture.  Tha  suspension  of  chemical  affinity  under  certain  conditions  of  high 
Icmperature,  is  a  fact  of  great  interest  in  the  phyaica  of  the  globe. 

698.  The  causes  which  produce  the  spheroidal  form  in  liquids 
Bre  at  least  four  ; — 

1st.  The  repulsive  force  of  heat  exerted  between  the  hot  surface  and 
the  liquid,  and  which  is  more  intense  as  the  temperature  rises. 

2d.  The  temperature  of  the  plate  is  so  high,  that  the  water  in  mo- 
mentary contact  with  it,  ia  converted  into  vapor,  upon  whieh  the  sphe- 
roid rests  as  upon  an  elastic  cushion. 
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3d.  The  wi}Mr  is  a  poor  conductor  of  heat,  and  tiius  prevunts  the  eon- 
dnotion  of  hent  from  Ihe  metai  to  the  globule.  Another  cause  which 
prevents  tha  liquid  from  becoming  highly  heated  is,  that  the  rajs  of 
heat  from  the  metal  are  reflected  from  the  surface  of  the  liquid.  This 
is  shown  by  the  fact,  that,  if  the  water  be  colored  by  lampblack,  heat 
is  absorbed,  and  the  evaporation  is  much  more  rapid. 

4th,  Evaporation  from  the  surface  of  ike  metal  oarriea  off  the  heat  at 
it  is  absorbed,  and  thus  prevents  the  liquid  from  entering  into  ebulli- 
tion. The  form  of  the  oblate  spheroid,  which  the  liquid  afsumee,  ii 
the  combined  result  of  the  cohesion  of  the  particles  to  each  other,  and 
the  action  of  graritj  upon  the  mass. 

699.  Fteeaing  -water  and  mercur;  in  red-hot  cruciblee. — The 
remarkable  phenomena  of  freezing  water,  and  even  mercury  in  red-hot 
crucibles,  are  striking  examples  of  the  production  of  the  spheroidal 
state  of  liquids. 

Boutigny  plaoed  a  portion  of  liquid  snlphuroua  acid  in  a  red-hot  vessel.  II 
usumed  tbe  spheroidal  state  immediately,  at  a  temperature  belon  that  of  lis 
ebnllitiou,  that  ia,  bulow  11°  'E.  A  little  irater  placed  io  the  spheroid  becomea, 
therefore,  cooled  bolow  32°  B.,  its  freeiing  point,  and  is  converted  into  ice. 

Paraday  placed  in  a  heated  crneible  a  mixture  of  solid  carbonio  acid  and 
ether,  which  imuedialel;  assumed  the  apheroidal  state.     Into  it  nas  plunged  a 

into  a  solid  mass.  Tbe  temperature  in  this  case  was  probably  as  low  at 
—148°  F. 

TOO.  Remarkable  phenomena  connected  with  the  spheroidal 
Btate.- — On  the  principle  explained,  the  hand  may  bo  bathed  In  a  vaae 
of  molten  iron,  or  passed  through  a  stream  of  melted  copper  unharmed, 
or  one  may  stir  fused  glass  under  water  -without  danger.  In  all  similar 
cases,  if  the  temperat  I  fli  tlj  1  gh  ihe  moisture  of  the  hand 
assumes  the  spheroid  I    t  te       d  d  t     How  of  contact  with  the 

heated  mass.     If,  h  w  tl      ha  d        d  awn  rapidly  through  the 

melted  metal,  contact      n     h  lly  p  od       d  and  injury  follows  this 

rashness.  The  flng  n  t  d  -n  tl  tl  may  be,  for  the  same 
reason,  plunged  into  11        w  t     w  th     t      j     y. 

701.  Ezploaloaa  produced  by  the  spheroidal  state,— The  ex- 
periment illustrated  by  fig.  499,  may  be  modified  to  illustrate  explo- 
sions, and  some  other  interesting  facts  consequent  on  the  spheroidal 

A  copper  bottle,  ig.  4!I9,  is  heated  B3  hot  as  possible  over  a  double  cnrrent 
lamp,  and  -in  this  state  a  few  grammes  of  pure  water  are  introduced  by  a  pipette. 
The  water  at  once  assumes  the  spheroidal  eonditioD,  and  has  a  temperature  (as 
may  be  ascertained  by  a  thermometer)  below  (hat  of  its  ebullition.  If  the  neck 
of  the  botllo  is  now  tightly  closed  by  a  good  cork,  the  eraporation  is  so  slight, 
that  the  pressure  of  the  vapor  within  is  not  immediately  sufficient  to  drive  out 
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Steam  boiler  explosions  ma;  gnmotim 
explained  bj  a  knowledge  of  the  principlea 
elucidated.  Thus,  whenever  from  any  oai 
deflciency  of  water  oooiirs  in  a,  boiler,  as  when  the  i 
pumps  fail  of  a  supplj,  or  when,  by  careening,  i 
part  of  the  flues  are  laid  bare  while  the  fire  ii 
undiminished,  a  portion  of  the  boiler  may  become 
heated  even  to  redness.  Water  coming  in  < 
with  Buoh  over-heated  surfaces,  would  first  ( 
the  spheroidal  state,  and,  almost  at  th< 
instant,  burst  into  a  volume  of  vapor  so  suddenly  ■ 
as  to  reud  the  boiler  with  frightful  violence, 
on  record  where  the  eiplosion  has  been  so 
mercury  from  the  open  gauges.  The  fact  tliat  espies 
rican  rivers  have  occurred  most  frequently  just  at  or  after  starting  from 
a  landing,  is  explicable  on  the  view  here  presented ;  the  vessel,  while 
landing  and  receiving  freight,  being  careened,  so  as  to  render  the  eipo- 
Bure  of  some  part  of  the  flues  possible. 

702.  Familiar  illustrations  of  the  spheroidal  state,  and  effects 
of  the  spheroidal  state  of  liquids,  are  not  unfrequent  ii 
and  in  manufactures. 


The] 

purpose  by  touching  the  surface  w 
bonuds  off,  the  iroa  is  judged  to  b< 
manufacture  of  window-glaas,  oonai 
here  eiplained.  The  masses  of  glas 
der  bj  blowing  them  in  wooden  moi 
the  mould,  its  interior  is  moistened  ' 


oidal 


I,  while  it  does  not  injuriouslj  cool  the  glass. 
Saline  solutions  are  more  efficacious  for  tempering  steel  than  pure 
water.  Now,  as  the  point  of  ebullition  of  saline  solutions  is  liigher 
than  that  of  pure  water,  contaet  between  the  liquid  and  the  metnl  is 
produced  sooner,  and  thus  the  steel  is  cooled  more  quickly,  and  the 
temper  is  better. 


tlelted  mete 


might  be  su|ipo9eii,  b 
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i  10.  The  Steam -Engine. 

703.  Historical. — The  priociples  involved  in   jhe  construction  and 

theory  of  the  steam-engine,  have  already  been  aufficientlj  discussed. 

A  few  words  must  suffice  respecting  thoir  practical  applieationa  in  the 

discovery  and  perfecting  of  this  remarkable  machine. 

For  the  first  rudiments  of  our  knowledge  of  steam  as  a  motor,  we 
must  go  back,  as  upon  many  other  ao-called  modern  inventions,  to 
Egypt,  where,  130  years  b.  c,  Hero,  or  Heiro,  descrihes  in  his  "  Spiri- 
tulia  seu  Pneumatica,"  aniong  many  other  curious  contrivances,  what 
ha  calls  the  wlipik. 

U     Tbe   eo  pile  is      m  g   b  boiler-shaped, 

Dg  w  te        dp       d  d       to         h  h  tal  jet  pipes. 


aai  in  thia  case  llie  builar  ie  fixed  and  Slled  nilb  alcohol  in 
place  of  nutec,  the  jet  ilesceading  through  the  flame  of  the 
lamp  as  in  the  apparatus  seen  in  fig.  49!.     Hero  describes 

703.  First  steamboat. — Blasco  de  Garay,  a  sea- 
captain  of  Earcelona,  in  Spain,  in  1543,  moved  a 
vessel  of  200  tons  burthen  three  milea  an  hour  by 
paddles  propelled  probably  by  steam,  aa  the  moving 
force  came,  it  was  said,  from  a  boiler  containing 
water,  and  liable  to  burst. 


This  eipei-li 


ent  wiia  made  on  the  17th  daj  of  Jane,  1543,  in  presence  o 
appointed  by  the  king,  Charles  V.,  whose  report  secured  the  fttvo 
1  Che  projector.  But  what  is  unaccountable,  nothlag  mare  cvc 
singular  snccese.     De  Garaj  prubabl;  employed  Hero's  eoli|ii1i 


into  several  languages  and  generally  diffased.  Passing  the  early  eflbrla  of  Bap- 
listo  Porta  and  De  Oaus  (i.  u.  IfllS),  of  Branoha  (in  1629],  Otto  V.  Gneriek 
(1850),  and  the  Marquis  of  Wofceeter  (1663),  we  come  to  the  first  efficient  steam 
apparatus  (thai  of  Savary). 

706.  Savary'a  engine, — In  1698,  Capt.  Thos.  Savary  obtained  a 
patent  "  for  raising  water  and  occasioning  motions  to  all  kinds  of  mill 
work  by  the  impellent  force  of  fire."  Ilia  apparatus  can  hardly  bf 
called  an  engine,  or  machine,  since  it  has  no  moving  parta. 
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Fig.  BOl  ia  SaFary"?  oDgioB,  Two  boilers,  L  and  D,  are  connected  logetber 
by  tUe  pipe,  H.  Two  "condensers,"  P  and  P',  ara  connsctad  with  the  larger 
boiler,  L,  bj  pipes  entering  at  top  of  both,  and  capable  of  being  alternately 
shut  off  from  the  boiler  by  a  valve,  moved  by  601 

the  lever  Z.  By  tno  btanuh  pipes  beneath  the 
coiidenaora,  communication  ia  established  at  plea- 
sure, by  the  aid  of  the  cocks  1,  2,  S,  4,  alternately 
with  the  nell  by  T,  and  the  open  ait  by  the  outlet 
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waste  ot  water  in  the  boiler,  L,  the  oontenls  of  tbe  smaller  boiler,  D,  wew  from 
time  to  time  forced  by  superior  steam  preasure  into  L,  through  the  pipe  H 
(provided  wltb  a  valve  for  that  purpose),  rcdiihing  near  the  bottom  of  D,  wbose 
capacity  waa  such  as  to  fill  L  to  a  auitable  height.  Tbo  boiler,  D,  mas  then  re- 
filled through  the  pipe,  E,  from  the  supply  boi,  X,  attached  to  the  discharge 
pipe. 

AH  the  details  of  Savary's  contrivance  show  a  nice  adjuatmeut  of 
menDB  to  the  end  to  be  accomplished. 

707.  Papin's  steam  cylinder,  Kewoomen's  engine. — Denya 
Papin  (Prof,  of  Mathematics  at  Marburg),  whose  name  is  connected 
with  the  high-steam  diguater,  suggested  in  1690  the  use  of  steam  to 
produce  a  vacuum  in  itou  of  the  air-pump  before  used. 

For  this  purpose  he  constructed  the  cylinder  of  sheet  iron,  and  built  a  firs 
bfltealh  its  bottom,  to  boil  a  portion  of  water  there  placed.  When  the  cylinder 
was  filled  with  stearc,  the  piaton,  before  held  up  by  a  latch,  descended  aa  th. 
steam  was  condensed.  No  practical  result  followed  this  clumsy  conlj-ivanee,  on 
which  Papin's  countrymen  rest  his  claims  to  be  oonaidered  as  the  inventor  of  the 


;i  1710,  first  put  in  practice  th©  use  of  a  cylinder 
and  piston  in  the  >■  team-engine,  iu  which  the  steam  was  alternately 
admitted  and  again  condensed  by  a  stream  of  cold  water.  This  engine 
operated  against  the  pressure  of  the  atmosphere,  and  was  effectual  ia 
inly  ore  direction,  i.  e.,  it  was  a  single  acting  engine. 
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708.  The  atmospheric  engine  is  well  illustrated  by  the  apparatus 
shown  in  fig.  502,  which  was  eontrived  hj  Dr.  WoUaston,  to  show  th« 
nature  of  Papio's  cylinder,  5{I2 

A  glass,  or  metallic  tube,  with  a  bulb  to  hold  water,  i-  fitted  » 

with  a,  piiton.     This  pieton-rod  ia  hollow,  and  cl< 
screw  at  a.     This  screw  is  loosened  to  admit  the  eee. 


the  top  of  the  tube,  the 


hen  the  i 


nthe 


,  operation  tnaj 
rapeatad  by  again  bringing  it  over  tbe  lamp. 

In   all    the  eotly  steam-engines,  the  steam  was   condr.n' 
within  the  cjlinder,  either  by  water  applied  eitornally  01 
jet  of  water  thrown  directly  into  the  cylinder.    It  is  very 
ous,  that  a  great  loss  ot  fuel  and  time  was  thus  inyolv 
le  cylinder  up  again  to  212",  before  a  second  i 


could  be  I 
Newcoi 


Chia 


principle,  and  applied  their  power  direotly  to  the  pumping  of  mines.  Although 
Smeaton  introduoed  an  improved  kind  of  meohanical  work  and  many  improve- 
menta  in  minor  details,  antl  better  boilers,  he  succeeded  only  in  raising  the 
average  duty  of  steam-engines  from  about  five  and  a  half  millions  of  pounds^ 
raised  one  foot  by  a  bushel  of  coal  (SO  lbs.)  burned,  to  about  nine  and  a  half 
millions,  in  his  best  engines.  A  good  pumping  engine  now  raises  from  ninety 
to  one  hundred  and  thirty  millions  of  pounds  for  every  bushel  of  coal  burned. 

709.  Watt's  improvements  in  the  steam-engine. — The  steam- 
engine  as  it  was  left  by  Smeaton  was,  as  we  have  seen,  only  a  steam 
pump,  confined  to  tlie  single  function  of  raising  water,  and  incapable 
of  general  use,  as  well  from  its  imperfeetiona  as  from  the  enormous 
cost  of  fuel  it  required. — Watt,  in  1763,  was  a  maker  of  philosophical 
instrnments  at  Glasgow,  and  had  occasion  to  repair  a  model  of  the 
Newcomen  engine.  The  study  of  this  machine  and  its  defects,  led 
Watt  h>  construct  a  new  model,  in  which  the  steam  was  condensed  in 
a  separate  vessel,  in  connection  with  which  he  subsequently  found  it 
advantageous  to  use  an  air-pump — to  aid  in  keeping  the  vacuum  good, 
as  it  was  otherwise  vitiated  by  atmospheric  air  leaking  in,  and  coming 
from  the  water  of  the  boiler.  These  ideas  were  matured  and  realised 
in  1765,  and  in  1769  he  took  out  bis  patent,  in  which  all  the  essential 
features  of  our  modem  steam-engines  are  included.  In  connection  first 
with  Mr.  Roebuck,  of  Carron  Iron  Works,  and  subsequently  with  Mr. 
Boulton,  of  Sobo,  he  put  his  ideas  in  practice,  and  by  reserving  to  the 
patentees  one-third  part  of  the  saving  of  fuel  effected  by  his  improve- 
ments, hia  genius  was  rewarded  by  the  accumulation  of  a  priuoely 
(brtuoe 
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of  matter,  hy  whioh  thsj  were  aoeomplisbed,  and  the  thorough  e 
the  sabjeot  eren  in  i(a  miantesC  detaile,  bo  that  to  Otis  day  >ve  hnve  n 
meats  in  this  machina  involving  a  single  principle  unknown  to  Wa 
beauty  and  petfeotion  of  meehaniea!  work,  in  siie  of  parts,  and  tl 
of  boilers,  we  have  machines  e«Mly  superior  to  any  Watt  ever  saw, 
■red  those  perfections  possible,  iind  eupplied  tte  ■ 


fayw 


hey  hav 


ked  out 


!ry  pon 


710,  The  lovr  presauie  or  condensing  engine. — The  low  pres- 
sure engine  is  employed  in  all  Bituations  where  eeoiiomj  of  fuel  and 
the  best  mechanical  effect  from  it  are  the  ruling  considerations,  and 
where  lightness  and  gimplicitj  of  construction  is  unimportant,  Thie 
machine  now  remains  almost  esactlj  as  Watt  left  it.  Owinf;  to  the 
nearly  perfect  vacuum  obtained  in  it  by  the  condenser  and  air-pump, 
much  less  pressure  of  steam  is  required  to  produce  a  given  mechanical 
result;  e.  ff.,  if  the  vacuum  is  equal  to  fourteen  ibs.  atmospherio  pres- 
sure, then  a  steam  pressure  of  six  lbs,  would  give  an  efficient  moving 
force  of  twenty  lbs.  to  the  machine.  Hence  the  propriety  of  the  term 
"  low  pressure"  engine ;  but  in  practice  it  is  found  advantageous  to  use 
higher  preasurea  in  the  condensing  engines  than  Watt  ever  contem- 
plated 

F  E  5i)3  1"  a  'ection  of  the  oil  nl  r  A  condenser  e  air  pump  hot  and  cold 
well  and  a  v  e»  of  the  m  st  importanl  attached  i  arf  of  a  mo  I  rn  ndeaoing 
engiHO      The  oylmder    h   is  seen  re         ng  stetim  at  t  p  thr  u^k  tbo  thro  tlB 
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of  tho  former  aUofce  whioli  iaa  found  its  way  from  A  by  the  eduction  ^Ipe,  d 
■0  that  the  piston,  B,  h  descending  into  a  nearly  perfect  vacuum  (671).  The 
hot  water  of  thia  condenaatiou  \s  oonatantly  dra.wn  off  (brough  the  valve,  k,  by 
the  air-pump  whose  valves,  ii,  rise  W  allow  its  flow  into  the  hot  well,  I,  whenco 
it  finds  its  way,  Eolieited  by  the  plonger  pump,  S,  to  the  boilers  by  the  pipe,  P, 

water  by  tho  apout,  f,  to  the  cold  well.     By  the  time  the  piston,  B,  has  reached 

in  as  1o  open  the  liwor  steam  porta  and  reverse  the  direction  of  the  piston 
when  the  "team  above  B  is  in  ila  turn  taken  Into  the  conden  er,  r  by  tho 
•ippropriato  i-hannets  and  removed  as  already  esplained  for  the  downward 
stroke  The  yiati-n  rod  C  and  valve  and  pump  reds  are  connected  abovs 
with  the  great  working  beam,  wbce  further  estremity  conveys  the  power  of 
the  engme  by  the  r'tman  G  through  the  crank  ]>m  H  to  the  main  shaft,  K, 
1  IS  tbo  fly  wheel   L  to  give  steal  ne»s  of  mot    n  to 


The  gov 


The 


i  the  throttle  valve    o    by  conne 


3ot  "hoB 
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711  Tho  high  preasuxe  engine — In  this  mathioe  the  esLape 
Bteam  is  driven  out  agamit  the  pressure  of  tho  atmosphere  and  no 
attempt  is  made  to  utihze  its  cipii.itj  to  furm  a,  vacuum  consequentSj 
this  furm  of  apparatus  could  be  used  as  well  with  lOndenaed  air  or 
any  other  elastic  fluid,  as  with  steam  if  thert  wdi  any  rther  that  oould 
compete  in  economy  with  it.  The  lightness,  simplicity,  nod  low  cost 
of  the  high  pressure  engine,  make  it  availa-  j^^ 

hie  in  epite  of  its  uneconomical  ui 
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oS,"  which  maj  be  set  to  out  off  the  flow  of  steam  entirely,  or  at  any 
portion  of  the  stroke,  as  one-half,  or  one-third.  The  expansion  of  tha 
steam  then  completes  the  work,  and  great  econonij  of  fuel  is  found  t« 
follow  its  use, 

713.  Steam  boHera,— Tha  form  of  steam  boilers  varies  very  much 
with  the  parpose  to  which  thej  are  to  be  applied.  On  laud,  large 
boilers  may  be  safely  used,  which  would  be  wholly  talueless  at  sea,  or 
3n  a  locomotive  engine. 

Plate-iion  stroDgl;  riveted  and  brnced,  is  tbe  material  combiniDg  the  greateat 
aoonomy  and  strength.     Jopper  cau  be  used  only  when  tbe  fuel  oonlMna  no  »uU 
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714.  Mechanical  power  of  steam.— -Horse -power. — As  ateant- 
engines  were  originally  employed  to  take  the  place  of  horses  in  raising 
water,  it  was  natural  to  estimate  their  power  by  the  number  of  animals 
they  replaced.  The  value  of  any  force  is  correotly  stated  as  the  num- 
ber of  pounds  raised  one  foot  high  in  a  given  time  {foot-pounds).  As 
the  use  of  steam  became  general,  the  term  liorse-yower  was  retained, 
but  its  use  was  restricted  by  Watt  to  mean  33,000  lbs,  raised  one  foot 
per  minute,  or  nearly  2,000,000  lbs.  raised  one  foot  per  hoar. 

Aa  one  cubic  foot  of  water  converted  into  steam  yields,  in  round  numbers, 
c  ptc?i 


equivalent  to  raising  15  lbs.  1700  in 
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ic  ,i,eb  area. 
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tore,  tbe  eTaporation  of  a  ;ubio  foot  of  natot  id  an  hour,  subject  to  Ihie  deduct  ii  n, 
will  gite  the  full  force  ol  about  1000  cubic  ioubea  of  nator  convertod  into  sUjam, 
as  the  cxprcasion  of  ODO-hoise  power  (viz.,  33,000  lbs.  X  ^^  =  l,9Sa,000  lbs.), 
er  nearly  2,000,000  lbs.  raised  one  foot.     This  is  a  somewhat  rough  approxima- 

A  boiler  of  one-hundted  horse  power  means,  tben,  a  boiler  capable  of  eiapo- 
utlDg  100  cubic  feet  of  water  per  hour. 

power,  one  square  tbot  of  fire  bars  in  tbe  grate,  three  cubic  feet  ot  furnaaB 
room,  ten  onbic  feet  of  water  in  the  boiler,  and  ten  cubic  feet  of  eleam  chamber. 

T15.  Evaporating  power  aad  value  of  fuel.— 'In  Dnglaud,  eogi- 
neers  estimate  ten  pounds  of  bituminous  coal  for  every  cubic  foot  of 
water  (t.  e,  every  liorse  povrer)  to  be  evaporated.  In  carefully  oon- 
BtruGted  boilers,  however,  thia  effect  ia  produced  by  seTea  or  eight 
pounds  of  coal.  In  the  Cornish  boilers,  where  a  yery  large  evaporating 
aurfai^e  is  allowed,  five  pounds  of  coal  only,  and  sometimes  less,  are  used 
per  horse  power.  In  the  United  States,  anthracite  coal  averages  ten 
pounds  of  mater  evaporated,  for  every  pound  of  coal  burned.  This 
would  give  625  lbs.  of  anthracite  for  each  cubic  foot  of  water  evapo- 
rated. A  well  regulated  current  of  vapor  conducted  over  the  flame  of 
bituminous  coal  by  Dr.  Fyfe,  raised  the  evaporative  effect  produced  37 
per  cent,  above  what  was  obtained  from  the  unassisted  coal.  This 
increase  is  due  to  the  decomposition  of  the  st«am  by  the  hot  fuel,  and 
the  consequent  effect  of  the  pure  osygeo  on  the  carbon.  Well  seasoned 
■wood  {beech  or  oak},  still  containing  about  20  per  cent,  of  water,  and 
well  dried  peat,  have  about  equal  evaporating  power,  and  are  only 
about  two-fifths  as  effective  as  an  equal  weight  of  ordinary  bituminous 

Welter  has  observed  that  those  quantities  of  a  combustible  body  which  reqoira 
an  equal  amount  of  oxygen  for  combustion,  evolve  also  equal  quantities  of  beat, ■ 
although  later  researches  show  this  conclusion  not  to  be  strictly  true,  it  is  sup- 
ported by  many  facts.  In  alt  cases  of  combustion,  the  action  is  reciprocal ;  tbe 
oxygen  is  burned  in  the  fuel  as  truly  its  the  fuel  by  the  oiygen,  and,  therefore, 
tbe  same  stnouut  of  heat  is  generated  by  a  given  amount  of  oxygen,  whether  in 
convertiug  carbon  into  carbonic  acid,  or  hydrogen  into  nater.  lo  burn  one 
part  of  carbon,  requires  2  66  parts  of  oiygen  (CO,  =  16  -^-  6  =  2  66),  and  lo 
burn  one  part  ot  hydrogen,  requites  S  parts  of  osygen.  It  has  been  proved 
experimentally  (by  Rumford)  that  7S  parts  of  water  are  raised  from  32°  to  212° 
by  burning  one  part  of  carbon,  while  one  part  of  hydrogen  so  burned  will  raise 
S36'l  parts  of  water  tbruugh  the  same  degrees.  It  therefore  follows,  that  one 
part  of  oxygen,  burning  carbon,  will  heat  78  -=-  2-66  =  29-3S  parts  of  water 
from  32°  lo  212°;  and  also  that  tbe  same  quantity  of  oxygen,  in  burning 
hydrogen,  will  beat  236  4  -:-  S  ^  29-56  parts  of  water  through  the  same  degrees. 
The  heating  effect  of  oxygen  may,  therefore,  be  assumed  to  be  30,  or,  in  units 
Of  heating  power,  5400. 

If  the  heating  effect  of  pure  carbon  is  tal'en  at  uoitj   the  relative  heating 
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•ffeits  of  combuetibles  will  range  aa  foUowa  for  equal  weights :—hjdroEan,  3 ; 
vegelable  oil,  IIS— 1  22  ;  ether,  103 ;  carbon,  I ;  wood  eha,rcoal,  Oa6 ;  alcuhoS, 
0-86;  good  coal,  0-7?;  dry  wood,  0-iB;  wood  (with  20  per  cent,  waterj,  0-3Sj 
peat^  0-33— O-aS.— (Knapp.)     Compara  J  T53. 

The  beat  expansive  steam-engines,  it  is  calculated,  give  back.  Id  tha 
form  of  mechanical  work,  only  about  18  per  cent,  of  the  heat  generated 
by  the  fuel  burned  in  driving  them. 

Prof.  W.  R.  Johnson  ("experiroenta  on  coals")  and  others,  argue, 
as  the  result  of  experiment,  that  the  total  amount  of  carbon  in  a  fuel, 
IB  the  measure  of  its  practical  evaporative  power.  His  results  very 
nearly  sustain  this  view.  He  found,  also,  that  about  86  per  ceut.  of 
the  total  heating  power  were  expended  in  evaporating  water,  and  about 
14  per  cent,  were  lost  in  the  products  of  combustion.  Of  the  total 
heating  power,  by  calculation,  about  26  per  cent,  were  lost  in  practice, — 
as  deduced  from  the  experimental  effects  stated  in  his  tables. 
I  11.  ■Ventilation  and  Warming. 

716.  Currents  in  air  and  eases  depend  upon  principles  which 
have  already  been  fully  esplained, — but  the  aubjects  of  ventilation  and 
artificial  heating  are  of  such  great  importance  in  daily  life  thit  they 
demand  a  brief  and  separate  tDnsideration 

Currents  arise  in  lur  from  differences  of  temperature  and  variations 


of  pressure.  The  perfect  free  I 
tuotions  from  these 
ouudSe,  gas-light,  stove,  furnaie-fluc 
to  be  the  centre  of  an  ascend  iig 
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natantly  supplied  by  other  ar  d 
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On  the  law  of  tha  eqnilibrium  of  flu 
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This  constant  interchange  of  motion  in  unequallj  heated  masses  of 
air,  whilo  it  soon  poisQus  the  confined  ntmosphere  of  a  close  apartment, 
where  many  persons,  with  or  without  lights,  are  assembled,  also  supplies 
the  easy  means  of  curing  one  of  the  greatest  evils  of  civilized  commn- 
nities. 

717.  Draoght  In  chimneys. — Chimnejs  draw  l)ecauBe  the  products 
)f  combustion  discharged  into  them,  are  specifically  lighter  than  the 
jutec  air.  The  column  of  iieated  air,  C  D,  fig.  507,  rises  with  a  Telocity 
proportionate  to  the  excess  of  weight  in  a  column  of  the  outer  air,  A  B, 
of  the  same  area  and  height.  The  laws  of  falling  bodies  (71)  apply 
to  this  case  in  every  particular. 
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Maltiply  the  squai-e  root  of  {he  difference  in  height  of  the  tino  colvmns 
of  air-  [deduced  as  above)  expressed  in  feet  and  deeimals  of  a  foot,  hy 
tight;  deduct  oiie-fourih,  and  the  product  of  the  remainder,  multiplied 
by  sixty,  wilt  give  the  velocity  of  efflux  per  minuiei  and  the  area  of  the 
Jlue  iafeet,  or  decimdla  of  a  foot,  multiplied  by  the  vdoeity,  wtU  give  th^ 
number  of  cubic  feet  discharged  per  minute. — (Hood.) 

Thte rule,  in  the  case  suj  posed,  would  be  |  (Sl/l)  X  60  =  36fi  euhio 
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feet  of  gases  discharged  per  minute,  bj  a  flue  18  feet  high  and  one  foot 
area,  whose  temperature  is  30°  above  the  outer  air. 

Chimaejs,  in  tho  sense  we  menu.  Mere  not  knonn  to  tha  ancients.  Holes  ia 
the  roof,  and  vmdows  allowed  Ibe  escape  ol  smoke  from  ths  kitchens  of  tha 
laxuriouE  Romans.  Eut  the  mild  climate  of  the  MeditfTranean  shores  did  not 
require  ranch  attention  (o  means  of  artificial  warmth.     In  the  honses  of  ancient 

Bat  even  in  England  and  France,  where  fires  in  winter  are  necessary,  abimneya 
were  flrat  introduced  only  in  the  middle  of  the  14th  oentary.  The  Cnrfew  Bell 
{eoHvie-fea,  fire  coyer)  was  needed  aa  a  precaution  against  the  danger  of  fires, 
trithont  chimneys. 

Severaed  draughts  and  smoky  ehimneys  occur,  1st,  when  tag 
flue  or  fire-place  is  bndiy  constructed  ;  2d,  when  two  fluea  open  into 
one  apartment,  or  two  connecting  apartjnents,  and  there  ib  a  fire  in 
only  one  flue ;  3d,  when  a  powerful  fire  exists  in  one  part  of  the  house, 
as  the  kitchen,  for  instance,  without  an  adequate  supply  of  air  from 
without,  it  will  draw  the  needed  supply  through  the  smaller  flues  in  all 
parts  of  the  house,  reversing  the  draught  in  them ;  4th,  when  (as  in 
many  old  houses)  the  flue  is  so  large  that  cold  currents  may  descend  in 
the  angles,  while  a  heated  one  ascends  the  asis ;  5th,  when  a  neighbor- 
ing higher  house  or  eminence  directs,  in  certain  states  of  the  wind,  a 
cold  current  down  the  flue. 

The  remedy  for  reversed  draughts  is  best  found  in  one  commanding 
central  stack,  into  which  all  the  minor  flues  discharge,  while  exhaust- 
ing cowls,  like  fig.  511,  are  the  best  cure  of  smoky  chimneys. 

718.  FroductB  of  reaplration  and  combustion,  and  necessity 
for  ventilation. — By  contact  with  the  lungs,  and  with  burning  fuel, 
the  air  is  contaminated,  chiefly  with  carbonic  acid,  water,  effete  nitro- 
gen, osyd  of  carbon,  and  animal  odors.  Every  full  grown  individual 
consumes,  in  every  minute  of  quiet  respiration,  about  500  cubic  inches 
of  air.  About  14  ounces  of  carbon  are  burned  by  the  air  out  of  the 
body  of  a  man  in  twenty-four  hours,  and  all  this  is  returned  in  the 
form  of  carbonic  acid  to  the  air. 

Such  air  cannot  be  breathed  again   without  danger.     Mised  with  the  sui. 
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719.  The  quantity  of  vapor  given  oH  by  tLe  body  in  'ensible 
and  insensible  perspiration,  and  by  the  luiigH,  is  very  li  nsiderable, 
being  not  less  than  ten  or  twelve  grains  each  minute,  or  about  tJireo 
pout,ds  per  day,  which,  with  the  quantity  of  carbonic  aeid  expired, 
makes  about  three  and  ft  third  pounds,  besides  other  escrementitioua 
matter,  given  off  ia  twenty-four  hours. 

If  the  air  of  a  crowded  BpartmoDt  ia  conducted  through  water,  eo  much  nnl- 
tnal  matter  b  colleelcd  in  the  water  as  to  occasion  s  speedy  putrafaetive  fermen- 
tatioD,  with  a  disgusting  odor.  The  blast  of  air  escaping  at  the  upper  voBtilator 
of  a  eronded  assembly  room,  is  so  DppreseiTC  as  to  produce  iuimediatelf  the 
most  distressing  symptoms.  While  we  iastinctiTel;  sbuu  all  contact  with 
uaclean  persons,  ajid  what  we  call  dirt,  even  refusing  s  cup  that  has  pressed 

with  what  thoughtless aees  we  resort  to  crowded  and  ill-ventilated  public  placets 
sad  drink  in  the  subtle  poison  exhaled  from  the  lunge,  skin,  and  clothing  at 
every  individual  in  the  assembly.  Especially  when  we  remember  that  while 
the  digeativE  apparatuB  can  eelent  and  osaimilate  nutriment  from  food  of  ques- 
tionable quality,  the  lungs  have  no  snch  power  of  selection,  and  can  discbarge 
their  duty  to  the  blood  only  by  a  full  snpply  if  pure  lur.  If  the  transparency 
of  eit  was  troubled  by  the  exhalations  of  the  lunga  as  water  is  by  the  washings 
of  the  body,  no  argument  would  be  ni^pded  to  secure  attention  to  the  importance 
of  ventilation  ,■  and  yet  it  is  quite  li  ■■■■:  that  the  bodily  heallh  suffers  more  from 
inhaling  effete  air,  than  it  could  from  drinking  the  wash  alluded  to. 

720.  The  quantity  of  air  required  for  good  ventilation,  is  very 
variously  stated  by  diflerent  luthori  En  ugh  fresh  air  must  bo 
Bupplied,  obviously,  to  repl  ce  all  thii  s  i,ontaininated  by  the  lungs, 
the  body,  and  sources  I  illumination  But  t  ietermine  eiaotly  how 
much  these  several  >"  i  ri'es  if  deleri  rtti  n  demand,  is  not  so  easy. 
The  amount  of  air  needed  to  remove  the  products  of  respiration,  is 
very  much  less  than  is  required  to  absorb  the  vapor  of  water  given  off 
from  the  lungs  and  the  skin.  The  quantity  of  vapor  the  Mr  can  take 
up,  will  depend  on  its  dew-point  and  temperature.  Hood  estimates 
three  and  one-quarter  cubic  feet  of  air  per  minnte,  for  each  individual, 
in  winter,  -with  an  eiternal  temperature  of  20°  or  25°,  and  a  quarter 
of  a  cubic  foot  per  minute  to  supply  the  waste  from  the  lungs,  making 
three  and  a  half  cubic  feet  per  minute,  ot  two  hundred  and  ten  cubic 
feet  per  hour  in  winter,  and  five  hundred  in  summer.  Peclet  ei 
it  at  two  hundred  and  twelve  cubic  feet  per  hour.  Dr.  Reid  ei 
the  quantity,  as  high  even  as  thirty  cubic  feet  per  minute  per  individual. 
Brenan  puts  it  at  10'25  cubic  feet. 

721.  ProductB  of  gas  illumination.— Every  cubic  foot  of  gaa,  of 
average  quality,  requires  the  oxygen  of  about  twenty  cubic  feet  of  air 
(viz.  4'25  cubic  fee.  osygen)  to  burn  it,  and  produces  rather  over  a 
cubic  foot  of  earoonic  acid,  Ktiil  mote  water,  and,  if  the  gas  is  impure, 
sulphurous  acid  and  compounds  of  ammonia  will  be  added,  which. 
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dissolving  in  the  watery  yapnr,  condense  upon  and  corrode  fumitnre, 
books,  metaliio  articles,  &c.  Every  pound  of  coal  gns  burned  produces 
2'7  lbs.  of  water,  and  2'56  Iba.  of  carbonic  acid;  and,  as  a  cubic  foot 
of  coal  gas  weighs  about  290  grains,  twenty  cubic  feet  will  weigh  a 
pound,  a  quantity  wtich  four  common  fish-tail  burners  cnnaunie  in  an 
hour.  The  capacity  of  air  for  moisture  at  68°,  is  7-31  grs.  per  cubic  foot. 
(t  would,  therefore,  require  2373  cubic  feet  of  air  at  68°  to  retain  the 
water  from  twenty  feet  of  gas,  and  nearly  fire  times  as-  much  at  20°  F., 
not  to  name  the  amount  required  to  dilute  the  carbonic  acid  and  free 
nitrogen  produced. 

It  is  DECcllees  to  add,  Vaul  the  Tentjliitian  of  gas  bnrDers  la  an  imporlact 
aiBHsr.  FortoDatelj,  a  gaa  cLandelkr  affufds  one  of  the  best  means  of  pro- 
air,  and,  of  course,  produce  more  effete  products  for  an  equal  amount  of  light 
than  gaa. 

722.  The  actual  ventilation  of  bnildlags  is  a  practical  prob- 
tem,  to  be  wrought  out  in  each  case,  with  careful  regard  to  the  prio- 
oiples  and  facts  just  stated.  The  supply  of  air  required  may  be  obtained 
in  two  ways ; — Ist,  by  the  ascending  column  of  heated  air  in  a  shaft, 
drawing  after  it  the  effete  air  to  be  removed,  and  supplying  its  place 
by  fresh  air,  warmed  in  its  progress  to  the  apartments.  This  is  called 
thermal  ventilation ;  or,  2(i,  mechanical  force  may  be  509 

employed,  by  means  of  revolving  fan-wheels  driven  by 
a  steam-engine,  or  otherwise,  forcing  the  air  through 
the  apartments  to  be  warmed  and  ventilated.  This  ia 
called  mechanical  veniilativ.i. 


By  Iho  first  method,  Dr.  Keid  vei 
mons  in  England.  B;  the  secom 
House  of  Lords  with  a  fan-wheel,  o 


itilatcd  tbc 


hirtj  foet  in  diamelor. 

T23.  Stone's  ventilating  shaft. — Ad  oxcclleiit  com- 
bination of  the  thermal  ventilation,  with  the  plan  of 
hot-air  furnaces,  so  generally  used  in  the  Dnited  States, 
has  been  devised  by  S.  M.  Stone,  Architect,  which  has 
been  found  efficient  in  the  New  Haven  City  Prison,  the 
State  Reform  School,  and  other  similar  buildings. 
Fig.  508  shows  a  plan  and  section  of  this  system. 

A  ventilating  shaft  of  hrick,  C,  rises  in  the  centre  of  the 

flue.  A,  carrying  off  the  waste  products  of  the  fornace.  TLo 
radiant  heat  of  this  iroH  flue  beats  the  air  in  tho  shaft  B. 
Openings,  D  and  D,  are  pierced  from  the  various  apartments 
into  this  shaft,  aqd  allow  the  oir  of  the  rooms  fi-ee  opportunity 
of  escape,  solicited  by  tho  powerful  ascending  dra.uglit  of  ihi 
Distant  apartments  are  connected  with  tho  shaft  by  horiiintul  [ 
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Un.  The  optuiiiKS,  D,  ebould  be  covered  with  nire  ganzc,  and  fitted  nitb  Dr. 
Arnott's  self-acting  noiaelesa  Talve,  which  allows  the  paaaage  uf  on  npwHrd  eur- 

warm  air  througli  hot  air  flues,  B.;ceiiding  in  tbs  Halts,  In  aummer  it  voald  b« 
found  needful  to  eatahliah  a  current  in  the  shaft  by  an  occREional  Are  in  the 
fnmacc,  or  by  a  special  furnace  for  tbat  purpose  in  the  top  of  the  houae.  In 
cities,  the  air  taken  into  buildings  may  be  strained  thrcugli  fine  nirc  gauze  and 
spray  of  walsr,  aa  was  accomplished  by  Dr.  Reid  in  the  House  of  Commons. 
By  the  rule  (717),  the  power  of  auch  a  ahaft  to  discharge  air  can  bo  ealeulated. 

724  Cold  ouirenta  prodaoed  by  ice.— Refrigerators. —  Air,  ia 
contact  with  ice,  aequirea,  of  course,  a  low  temperature,  and  parts  with 
a  large  part  of  its  moiBture  That  snow-clad  mountainB  and  glaoiera 
naturally  send  down  to  the  yalleys  below  &  current  of  cold  air,  flowing 
like  water  over  the  Burfaue  eapecially  at  night,  when  the  alisenoe  of 
the  sua  prevents  the  accumulation  ot  heat  on  the  earth's  surface. 

Adroit  use  haa  been  made  of  this  cold  dry  cnnent,  in  the  construction  of  re- 
frigerators  for  preaerving  fuoi  n  warm  weather;  and  the  same  principle  haa 
been  applied,  on  a  large  seal"  to  the  cooling  of  large  apartments.  Figa.  509 
uid  filO  show  a  section  an!  elcFati  n  of  WinshLp'a  Refrigerator.     The  ice,  A, 


Sg.  SIO,  ia  snetained  upon  a  shelf  in  the  uppar  part  of  tte  hoi,  aurroundad  w!lli 
double  charcoal  hnmgs  The  air  enters  by  the  register  openings,  C,  and  coming 
in  contact  with  the  ice  la  cooled  and  falls  to  tha  bottom,  as  indicatod  by  tbo 
arrows,  where  it  Bnda  its  egress  at  B,  between  hollow  walls,  and  finally  escapes 
at  F,  as  in  an  inverted  syphon.  In  this  way  a  gentle  current  of  about  ib"  F, 
ia  steadily  maintained  aa  long  as  the  ice  laala,  and,  being  dry,  articlea  of  food 
are  preserved  sweet  and  free  from  mould  for  a  long  time.  A  aimilar  device  haa 
been  used  for  largo  apartments, 

725.  Cowls. — Emerson's  Tentilators. — Advantage  ia  taken  of  the 
currents  in  the  external  air,  to  aid  in  establishing  ventilation  in  houses, 
and' draught  in  chimneys,  by  the  use  of  ventilating  cowls. 

These  contrivances  are  often  conical,  and  hnng  with  a  vane,  to  tnm  agdnat 
the  wind      One  of  the  most  generally  approved,  however,  in  oommon  use,  appearj 
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the  TeDtilnlor  of  Emerson,  £g.  511,  whiet  ia  aimplj  a  eon 
lag  the  flue,  over  whose  rent,  and  fl  short  distance 
it,  is  snatained  a,  disc  of  metat.     If  tbe  niiid  blows 
inj  point,  its  effect,  on  striking  this  oonioal  snrfaoe,  i 


imply  the 


ttrds  and  ac 
velocity.     The  reault  ia 

If  it  is  desired  to  diraot  a  current  of  fr. 
■haJl,  an  injecting  ventilator  ia  naed,  whicl 
kbcive  cone  innerled,  or  two  or  tbree  sucli  plai 
other.     These  ais  found  very  offioient  in  projecting  froah  air 
into  the  cabins  of  ships,  and  other  similar  situationa. 

726.  The  supply  of  ftesh  air  in  dwellings  ia  de- 
riyed,  in  the  winter,  almost  exolusiyely  from  the  craota 
and  joints  of  doors,  windows,  and  other  opeoinga.     In 
all  good  systems  of  general  warmiag,  this  supply  is 
derived  from  the  open  air,  or  a  free  basement,  and  is 
warmed  in  its  progress  throngh  the  heating  apparatus. 
When  it  ia  requisite  to  introduce  cold  air  into  a  house, 
it  is  important  to  do  ao  in  such  a  manner  as  to  avoid  A 
local  and  sharp  currents ;  for  this  purpose,  perforatod  ^ 
comioes,  or  openings  covered  hy  wire  gauie,  are  provided.    A  too  rapid 
current  ia  both  inconvenient  and  costly,  from  the  needless  waste  of  fuel. 

In  public  buildinge,  the  supply  is  best  obtained  through  a  treuoh,  or  boriiou- 
tal  tube,  opening  into  a  clean  area,  and  proleoted  against  powerful  winda.  Tho 
injecting  cowl  may  be  advantageously  used  to  cover  the  opening  of  flucb  a  sup- 
ply.    The  distribution  of  thu  aacending  warm  currant  is  best  made  through  a 


hollow 
is  taken 


r  doubli 


,  perforate 


with  Qumi 


hile  the  spent  air 


II. 


T2T.  The  artificial  temperatures  demanded  in  cold  climatea 
are  produced,  Ist,  either  by  radiant  heat  solely,  as  in  the  common 
open  fire-place,  2d,  by  convection  only,  as  in  hot-air  furnaces  of  every 
description,  in  which  the  air  is  warmed  by  ita  passage  through  a  heat^ 
ing  chamber,  and  (hen  introduced  into  the  apartments  to  be  warmed, — 
or  3d,  by  radiant  heat  and  convection  united,  as  in  stoves,  and  steam 
or  hot  water  pipes. 

728.  The  open  fire  contained  in  a  simple  brick  fire-place,  fig.  507, 
whether  coal  or  wood  is  burned,  warms  the  air  of  the  room  solely  by 
radiant  heat.  The  burning  fuel  solicits  the  air  of  the  apartment  to  be 
warmed  towards  the  chimney,  where,  coming  in  contact  with  the  fire,  it 
parts  with  a  portion  of  ita  oxygen  to  austain  combustion,  is  intensely 
heated,  and  rising,  escapes  at  the  flue,  with  the  heated  products  of  com- 
buation.  Hence  only  the  heat  radiated  from  the  burning  fuel  and  hot  walla, 
is  effectual  in  warming  the  apartment,  while  much  the  largest  part  of  the 
heat  (three-fourths  to  four-fifths  of  the  whole)  eacapea  up  the  chimney. 
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aombiued  with  Bome  oompeteiit  general  pla 

n  of  warming  the  whole  ho 

use. 

Dr.  Franklin  improved  tbe  common  fire 

place  by  introdacing  iron 

toves,  of 

the  game  general  form,  and  connecting  th 

m  with  tbe  chimney  by  a 

pipe,  by  which  means  a  mnch  bMler  econ 

Rumford 

improved  the  form  of  the  flre-plaoe  vorj  mn 

h,  and  especiallv  with  refers 

nee  to  the 

throat  of  the  chimney  and  angle  of  the  jamb 

.   He  also  combined  it  with 

a  circala- 

tionofhotair  behind  and  at  the  aides  of  the 

re.  so  as  ta  obtain  the  effect 

Stoves  of  iron,  standing  in  the  apnrtme 

nt  to  be  warmed,  offer,  pe 

haps,  the 

most  economioal  mode  for  horning  fuel — bu 

t  when,  as  is  too  often  the 

are  cloaed  tight,  eicept  a  very  small  openin 

g  for  draft,  they  are  among 

tbe  vilest 

contrivances  in  nee  for  Ibe  ruio  of  the  pu 

blic  health.     The  almo-ph 

ere  ^f  the 

room  unavoidably  becomes  orer-heat«d  and  corrupted  by  the  proiu,.t> 

of  respi 

ration,  in  the  almost  universal  absence  of 

ny  mode  of  lenlilation 

729.  Hot  air  furuaces.— Large  buildings  and  dwelling  houses  are 

frequently  warmed  by  air  heated  in  itj 

passage  through  a  str 

cture  in 

the  lower  part  of  the  house.  One  of 
the  simplest  forma  of  opparntua  for 
this  purpose  is  seen  in  fig.  512,  being 
a  seutional  view  of  a  hot  air  furnace, 
in  which  the  cold  air  entering  at  A, 
passes,  as  indicated  bj  the  arrows, 
through  an  extended  system  of  irun 
passages  set  in  brick  work  and  belted 
by  the  products  of  comhu=tion,  and 
the  direct  action  of  the  Are  F  The 
heated  air  gains  the  apartment,  «i, 
by  openings,  B,  in  the  floor  or  sidps 
of  the  wall,  while  the  gases  of  com-             '     /    /       ,  ,  /     /  // 

bustion   escape  by  the  flue.  0      Such   an   apparatus  serves   onlj  to 
illustrate  the  general  principle,  and  would  prove  valnelees  in  praotioe. 
Very  numerous  forms  of  hot-air  furnaces  are  in  use  in  the  United  States,  chiefly 
for  the  combustion  of  anthracite  coal.   They  are  essentially  alike  in  principle,  lul 
All  take. 


rery  nnlike  In 
)Ut,  or  from  an  airy 
orick  ehamber,  by  ci 
rounding  the  Gre,  ai 


md  after  heating 


the  beet  hot-air  furnaces   at   present  ii 

The  fire  of  anthracite  \s  aontained  in  a  large  si 


with  few  joi: 
til  Bfaambpr. 


:e  the  direotion  of  tbe  ci 
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0    H  ating   by  h       wate      d  d    n   p  £f        m     y 

advantages  for  the  salutary  and  ecODomical  rtistributiun  of  heat.  Tha 
high  speciie  heat  of  water  (653),  eoablea  it  to  heat  over  three  thousand 
times  its  own  bulk  of  air  in  cooling  through  n  single  degree  of  tempe- 
rature. That  is,  ooe  cubic  foot  of  water,  by  cooling  one  degree,  will 
raise  the  temperature  of  3419  cahic  feet  of  air  a  lilte  araoant ;  for 
0'2379  :  1  =  813-435  :  3419.  In  this  proportion  the  epecific  heat  of 
air  is  the  first  term,  and  the  third  term  is  the  bulk  of  air  equal  to  a 
nnit  weight  of  water.  Aa  hot  water  is  usually  distributed  in  cast-iron 
pipes,  eipericnents  have  been  made  upon  the  rate  of  cooling  of  these 
pipes,  which  show  that  one  foot  in  length  of  pipe  four  inches  in  diameter, 
will  heat  222  cubic  feet  of  air  one  degree  per  minute,  when  the  differ- 
ence between  the  temperature  of  the  air  and  the  pipe  is  125°.  The 
advantage  of  hot  water  as  a  means  of  heating,  depends  much  on  its 
high  capacity  for  heat,  and  its  slow  rate  of  cooling,  by  which  the  tem- 
perature declines  very  slowly,  after  the  fire  is  extinguished. 

For  horticuhura!  and  manufao taring  structures,  and  otber  linildings  whore 
largD  pipes  are  not  &n  abjection,  it  has  prDminent  claims.  In  private  houses, 
where  the  hot  irater  pipes  oecapy  a  chamber  in  the  basement,  and  the  air  is 
heated  by  passing  amoug  them,  all  advantage  of  the  radiant  heat  is  tost,  and 
the  apparatna  beoomea  comparatively  inefficient,  and  very  costly,  if  a  sufficient 
number  of  pipes  are  laid  in  to  do  the  wotIe. 

T31.  Perkins'  high  pressure  hot  water  apparatua.^The  system 
just  lamed  usea  water  at  a  very  low  pressure,  ne'"er  over  sis  ibH.  to  the 
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aquare  inch.  Mr.  Perkins  has,  however,  patented  a  syatem,  ia  which 
the  hot  water  is  iJistributed  in  very  small  iron  pipes,  under  enovmoua 
pressure. 

The  plan  of  this  ajatom  is  aeen  in  fig.  515.     A  coll  of  pipe,  S  (t  inch  oulsida 
and  i  inch  inside),  is  heated  by  tiie  fire,/.    The  riaing  5, 5 

pipe,  III,  is  enrried   to   the  lop 
KDd  in  each  dory  or  apartment, 


le  arranged,  the  tempen 
Bd  to  any  required  degi 
IS  from  SOO"  to  560"— V. 
it  675  lbs.  to  the  square 


high  temperature  of  the 


thi( 


1  the  low  pressure  hot  we 
of  high  preasura  suam  [ 
,  and  equally  open 


the  objecti 


732.  Gold's  steam  heaters.— The    adiatora  - 

heat  ia  radiated  from  surfaces  of  japan  ed    h        ro 
by  rivets  at  the  bottom  of  concave  dep  n      n 

seen  in  fig.  516.  This  arrangement 
divides  the  whole  steam  space  Into 
numerous  communicating  cells,  as  seen 
in  the  cross  section,  D ;  the  steam  ar- 
rives from  the  boiler,  fig.  517,  under 
very  low  pressuru  (one  pound  to  the 
inch),  by  the  inlet  cock.  A,  and  the  air 
escapes  at  an  outlet  cock  in  the  oppo- 
site corner  above.  The  water  of  con- 
densation returns  to  the  boiler  by  the  same  pipe  that  conveys  tbo 
Bteam,  which  ia  made  sufficiently  large  for  that  purpose. 


euled  under 


!f  singly  01 


•onvaition  reaches  ( 
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■ysteiD  is  economi-ial  of  fuel,  efficient  for  the  most  severe  weather,  and  whe 

the  great  merit  of  securing  exactly  the  desired  degree  of  heat  just  where  it  i 
wanted,  however  remote  from  the  holier,  and  is,  by  moans  of  the  alr-cocl 
»djnsta,ble  to  anj  temperature. 

733,  The  boiler  of  Qold's  steam  beater  is  perfectlj  automntii 
and  is  a  beautiful  illustration  of  the  eaae  with  which  so  powerful  a; 
agent  as  steam  can  be  brought  under  entire  self-control  and  renderei 
quite  free  from  all  danger. 

Fig.  517  is  an  elevation  ot  this  hoiler,  set  for  use  in  its  masonry,  A.  Th 
water  rises  in  the  tuhe,  J,  vfhioh  is  open  to  the  air,  to  counterpoise  the  pressuri 
nblcli  Is  adjusted  Co  one  pound  on  the  inch.     J  517 

is  therefore  a  hydrostatic  balance, 


ash  door,  0,  being  closed,  no  air  has  access  to 

the  fire  eieept  throngh  the  aide  vent,  B.     This 

as  soon  as  the  limit  of  pressure  is  reached,  fcr 

~T 

then  the  lever,  F,  rises,  by  reason  of  the  water 

^ 

-    fl 

rangoment,  G,  nest  opens  the  upper  feed  door 

JJ 

C;  if  the  Are  is  not  sufficiently  held  in  check  by 

H 

F,  C  oontinnes  to  open  until  sufficient  cold  an' 

n 

enters  the  flues  to  reduce  the  steam  to  its  limit 

1 1    Ml 

and  hold  it  there.     The  safety  valve,  I,  is  lite 

11    ^ 

niEe  under  the  control  of  a  simitar  arrangement 

B 

H,  which  comes  into  action  after  P  and  G  it 

3   nn 

needed.     K,  K,  arc  the  steam.pipes  leading  to 

^^Hi 

the  radiators,  and  the  smoke  reaches  the  chimnry 

by  the  pipe,  R.     Such  nice  adjustments  secure 

of  f lel   as  th 

combustion  cannot  proceed  faster  than  the  dema 

ds  of  the  rad  at 

ors  requ  re 

1  12.  Somces  of  Heat 

734.  Souicea  of  heat. — Fourgreat  sources  of  heat  raaj  be  named; — 

1.  Mechanical  sources. — The  principal  of  these  are  friction,  oonipreB- 
Bion,  and  percussion. 

2.  Physical  sources,  of  which  the  chief  are  solar  radiation,  stellaf 
radiation,  terrestrial  radiation,  and  atmospheric  electricity. 

3.  Chemical  sources,  comprising  chemical  combinations,  the  chief  of 
these  being  combustion. 

4.  Physiological  sources,  comprising  the  production  of  heat  in  living 
beings.  This,  according  to  views  now  generally  received,  is  only  an 
extension  of  the  third  head. 


735.  Friction. — When  two  bodies  are  rubbed  together,  heat  .a 
generated  bj  the  friction  of  their  surfaces.  The  supply  of  heat  from 
this  source   is   apparently  unlimited.     As   the   generation  of  heat  if 
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mpnnicd  by  any  change  in  the  oalofifii,  capacity  of  the  bodies, 
and  generally  by  no  chemical  action,  it  must  be  attributed  to  a  mole- 
cular moTement  of  the  bodies  esoited  by  fni-tion 

736.  Quantity  of  heat  produced  by  friction  — The  experimenlB 
of  Joule  show  that  the  amount  of  heat  dereloped  by  friction  depends 
jnly  on  the  amount  of  force  exerted,  and  not  upon  the  nature  uf  the 
BubstaDces  rubbed  together. 

Connt  Kumford  published  id  the  Royal  Philoanpbieal  Transnctiona   irsi  the 

113  lbs.,  was  reyolvea  hori  son  tally,  at  tbe  rate  of  S2  revolutions  per  minute  against 
a  blunt  steel  borer  with  a  preasnre  of  10,000  Us  In  balf  an  hour  the  tempera 
ture  of  the  metal  had  risen  from  80=  to  130=  P  This  beat  would  have  been 
anffioient  to  raise  the  temperature  of  5  lbs.  of  water  from  12°  Ui  212°    In  andher 

befora.  In  two  hours  and  a  half,  181  lbs  of  water  aolnaltj  boiled  The  teat 
generated  in  this  case  wa^  calculated  by  Ramford  to  be  at  least  equal  to  that 

diameter,  and  each  245  graina  in  weight.  A  remarkable  notance  of  the  eicita- 
lion  of  beat  by  friction  is  afforded  by  an  eiper  ment  of  Sir  Humphrey  Davy,  ia 
which  two  places  of  ice  rubbed  together  in  vacuo  at  a  temperature  be  ™  32" 
nere  melted  by  the  heat  developed  at  the  'inrfacei  of  contact. 

737.  CircnmBtanceB  vhich  vary  the  qaantity  of  heat  de- 
veloped by  friction. — The  quantity  of  heat  developed  by  friction 
depends,  Ist,  on  the  nature  and  state  of  the  surfaces  (138)  2d  on  the 
pressure ;  3d,  on  the  velocity. 

738.  Illuatiatioas  and  application  of  the  heat  developed  by 
friction  are  of  frequent  occurrence  in  common  life 

When  a  piece  of  slael  is  slruclt  by  a  flint  particles  of  the  metal  are  torn  olf, 

from  the  iron  shoes  of  horses  as  they  strike  a  stone  In  ^  nding  fcn  vea  and 
other  insliuraents  upon  a  dry  grindstone  or  upon  an  emerj  wheel  a  brilliant 
train  of  sparks  is  produced.  Among  nucii  iliaed  nat  oas  fire  i'  frequently  pro- 
duced by  tbe  friction  of  pieces  of  wood  against  each  other.  Seneca  relates  the 
same  fact,  and  adds  that  it  is  necessary  to  employ  partiuular  species  of  wood;  as, 
Iflorol  and  ivy. 

Sufficient  heat  is  caused  by  rubbing  a  match  on  a  rough  surface  to  ignite  the 

when  not  well  greased,  are  sometimes  heated  sufficiently  hot  to  cause  the  Ignition 
dF  the  surrounding  woodwork.  It  is  by  Mellon  that  the  brown  rings  sometimes 
seen  on  wooden  articles,  turned  in  a  lathe,  are  produced.  A  pointed  piece  of 
wood  Is  held  against  the  rapidly  revolting  article,  the  heat  genaralad  by  the 
friction  is  sufficient  to  canse  the  wood  to  smoke  and  partially  char  it. 

In  a  few  instances  in  this  eonntry  the  fall  of  water  baa  been  used  to  produce 
[yietion,  and  thus  develop  heat.  In  the  state  of  Vermont,  plates  of  iron  were 
rapidly  revolved  against  each  other,  and,  by  the  heat  developed,  the  mill  was 
warmed.  Ihe  thermogenic  apparatus  of  Messrs,  Beaumont  and  Mayer  (Am. 
lour.  Sci.  [2]  XX.,  261)  is  a  most  suocessful  contrivunce  for  converting  motion 
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into  heat  by  meon$  of  friction,  and  where  there  ia  abundant  and  fheap  w 
power,  may  be  of  eaonpmical  importance  aa  a  source  of  beat- 

739.  Compiesaion.— When  any  substance  undergoes  a 
in  yolume,  there  is  generally  a  development  of  heat.  The  evolution 
of  heat  hy  oompresaion  ia  most  strikinglj  seen  in  gases  which  underg. 
a  great  diminution  in  volume  hy  pressure. 

The  condensing  syringe,  fig.  518,  ia  an  admirable 

It  consists  of  a  metal  or  glass  tnbc  closed  at  one 
exlremity.  Into  tba  other  estremity  fits  tighlly  a 
piston  which  has  a  bit  of  tinder  on  its  end.  Wten 
the  piston  ia  foroibly  drivea  into  the  cylinder,  the 

the  tinder  becomes  ignited. 

Owing  to  the  small  oompressibility  of  liquid; 
and  their  great  capacity  for  beat,  it  ia  not  easy  t 
determine  the  heat  developed  in  them  by  comi 


an  elevation  of  temperature  of  as  much  as  from  7" 
to  10°  F.  The  beat  generated  by  the  compression 
of  aolida  may  better  be  considered  aa  by  percussion. 

740.  Percuaaion  is  a  combination  of  fric- 
tion and  compression,  and  ia  an  active  me- 
chanical source  of  heat.  The  amount  of  heat 
developed  hy  percussion  seems  to  depend  to  a 
great  eitent  on  the  diminution  in  1  ulk  wh  ch 
the  body  struck  undergoes. 

This  is  strikingly  shown  by  an  exper  mcnt  of 
Berthollet,  in  which    a  piece  of  c  yper  was  snb  -^^-^^s 

mittfid  to  the  action  of  a  stamping  press  The  greatest  devel  pment  of  heal 
occnrred  with  the  first  blow,  where  the  me  al  underwent  the  g  eateat  diminution 
in  hulk,  and  diminished  with  the  bbc  eed  ng  blows  as  d  d  he  amonnt  of  con- 
densation. The  quantities  of  heat  evolved  at  the  first  three  atrokes  were  l!°-3, 
7"  5,  and  l°-9  F. 

741.  Capillarity. — Pouillet  has  shown  that  the  simple  act  of  moist- 
ening any  dry  substance  is  attended  with  a  slight,  jet  constant,  disen- 

it  of  heat. 

.ted  on  the  powdered  metols,  the  insoluble  oiyds,  glaas,  brick, 
clay,  &,a.  The  liquids  used  were  wafer,  alcohol,  ether,  acetic  acid,  turpentine,  Ac. 
The  rise  in  temperaluM  was  oniy  from  5°  to  2°  F.  It  appears  to  be  Independent 
of  the  nature  of  the  body.  Organio  bodies  of  various  kinds  were  operated  upon  ; 
U,  flai,  wool,  silk,  starob,  wood,  aponge^  ivory,  horn,  4c. :  with  these  there  is  a 
rise  in  temperature  of  from  S"  to  T8°  P. 


)n,  for 


,e  differc 


aroduced  the  same  boat  when  they  were  absorbed  by  the  i 
The  development  of  heat  in  these  cases  ia  attributed  to  the  condeDsa- 
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tion  of  the  liquid  on  the  surfaeo  of  the  solid  whion  it  rooiptens.  It  may 
also  be  due  in  part  to  the  effect  of  the  friction  of  the  liquid  molecules 
UDon  those  of  the  solid,  as  they  move  into  their  position  of  equilibrium, 

742.  The  Bun  is  the  most  abundant  source  of  heat  to  our  globe.  Its 
distance  from  the  earth  is  95,000,000  of  miles.  The  diameter  of  the 
Hun  is  about  888,000  miles,  or  about  lU  times  that  of  the  earth,  con- 
sequentlj  its  volume  is  1,400,000  times  the  earth's  volume.  The  sun 
turns  on  its  axis  once  io  about  25  dnjs.  Philosophers  are  divided  as 
to  the  cause  of  the  immense  amount  of  heat  which  escapes  from  this 

It  is  coDJectnred  that  there  are  three  atmotpheric  strata  about  the  euu.  Ihat 
neareaC  his  surface  is  called  the  cloud;  stratum.  It  is  incapable  of  reSectiug 
light,  and  is  hcniily  leaded  with  vapcrs.  The  neit  in  eleratioo  is  thought  to 
consist  of  an  iutcnscl;  Inmisons  medium.  To  this  is  attributed  the  diEusion  of 
light  and  heat.  Beyond  this  thore  piobabl;  exists  a  third  euielupe  of  a  trans- 
parent gaaenua  nature. 

Dark  spots  B.re  oilen  seen  on  the  snn's  surface  (b;  the  aid  of  a  telescope). 
These  are  of  immense  siie,  and  often  rapidly  change  their  form.  One  noted  b; 
Bir  John  Herschcl  contained  an  area  nl  400,000,000  square  miles.  These  spola 
are  supposed  to  be  formed  bj  the  opening  and  dispersion  at  the  stratum  of  lumi- 
nous clouds,  revealing  the  dark  mass  nithin. 

743.  Quantity  of  heat  emitted  by  the  sun.^Pouillet,  bj  means 
of  an  instrument  called  a  pyrJieliometer,  has  made  obeervationa  from 
which  he  estimated  that  the  amount  of  heat  annuallj  received  by  the 
earth  from  the  Bun,  would  he  sufficient  to  melt  a  crust  of  ice  surround- 
ing the  earth  101  feet  thick.  The  atmosphere  absorbs  nearly  40  per 
cent,  of  the  heat  of  the  sun's  rajs. 

From  the  size  of  the  earth,  and  its  distance  from  the  sun,  it  has  been  deter- 
miaed  that  the  entire  amount  of  heat  emitted  b;  the  sun,  is  £,3S1, 000,000  times 


The  filed  stars,  the  suns  of  other  systems,  notwitbBtanding  their  great  dis- 
tance, ezert  a  very  important  influence  npon  the  temperature  ot  the  earth.  It 
haj  been  estimated  that  they  furnish  to  our  earth  four-fifths  US  much  heat  si 
tbe  sun  ;  end  that,  without  tbis  addition  to  the  snn's  heat,  neither  animal  nor 
regotable  life  could  exist  upon  the  earth. 

744.  BxtremeB  of  natural  temperature  .^Captain  Parry,  in  1819, 
found  at  Melville  Island,  a  temperature  of — 59°  F.,  and  Captain  Black, 
at  Fort  Reliance,  at  60°  46'  N.  latitude,  observed  a  temperature  of 
— 70°  F.  Dr.  Azariah  Smith  records  the  extreme  heat  at  Mosul,  West- 
ern Asia,  in  1844,  as  114°  F.  (Am.  Jour.  Sci.  [2]  ii.,  75.)  At  Bagdad, 
in  1819,  the  thermometer  rose  to  120°  F.  in  the  shade.  In  the  sun,  at 
44* 
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Mosul,  near  the  site  of  the  ancient  Nineveh,  Dr.  Smith  da  the 

Bummer  temperature  at  146"  F.  This  is  probftblj  tlie  high  t  natu  al 
temperature  authentically  recorded.  Thus,  the  extreme  rang  f  afu  al 
temperature  observed  is  206''-46  F.  la  this  latitude,  betwe  n  un  u  e 
and  winter,  there  is  often  a  difference  of  110°  ¥.,  and  in  the  hale 
comparing  the  temperature  in  the  sun  of  summer,  ihere  w  uld  b  an 
increase  of  at  least  30". 

745.  Terrestrial  taOlation. — The  heat  which  the  earth  receives 
from  the  sun,  does  not  penetrate  mora  than  from  50  to  100  feet.  At 
Paris,  this  stratum  {called  the  first  stratum  of  inTariable  temperature) 
is  found  at  a  depth  of  86  feet.  Descending  into  the  earth,  below  the 
point  of  constant  temperature,  there  is  a  gradual  and  regular  increase 
of  temperature.  The  amount  of  this  increase  is  about  1''8  for  everj 
hundred  feet  of  descent. 

Artesian  wella,  and  always  with  a  nearly  cod 
doubladly  arising  from  the  nature  of  the  ao 

Thus,  the  nater  arising  in  the  Orenelle  Artesian  Well  near  Paris,  from  a  doplh 
of  abont  2100  feet,  has  a  temperature  of  66°  B.  At  Nousaliwerko,  in  Westpha^ 
lis,  is  a  well  220D  feet  de«p.  The  water  rising  from  it  iaa  a  temperature  of 
91°  F.     Compare  §  204. 

into  the  earth,  at  the  depth  of  two  miles  water  nuuld  boil ;  at  about  23  miles, 
or  only  yf ,  of  the  earth's  radius,  there  would  be  a  temperature  of  2200°  F. 
Al  this  temperature  caat-iron  melta  in  the  open  air,  and  (rap,  basalt,  obsidian, 
and  some  other  rooks,  become  perfectly  flnid.  But,  as  Pouillet  observes,  ths 
enormous  oompreesion  produced  by  the  weight  of  the  upper  strata  resting  upon 
the  lower  portions  of  the  earth's  erust,  raises  the  puint  of  fnaioti,  so  that  tho 
point  of  perfect  or  partial  fluiditj  is  carried  far  lower  than  a  direct  ratio  would 

of  fuaion,  the  thiokneas  of  the  earth's  cruat  cannot  be  supposed  to  eiceed  ouB 
hnndred  mQes. 

746.  Origin  of  terrestrial  heat. — Numerous  theories  have  been 
advanced  to  account  for  terrestrial  heat.  Some  attribute  the  heat  to 
looal  chemical  action.  Thus,  Boyle  explained  it  by  the  decomposition 
of  pyrites — a  view  no  longer  esteemed  tenable.  The  belief  in  a  cen- 
tral fire  within  the  earth,  now  generally  entertained,  is  found  in  the 
mythology  of  many  ikations,  originating,  most  likely,  in  observation 
of  volcanic  fires.  For  evidence  that  the  earth  was  once  a  fluid  maas, 
eee  ^  91  aod  102.  This  question  is  of  the  highest  geological  interest, 
and  its  discussion  must  be  referred  hi  treatises  on  that  science. 

T4T.  Atmospheric  electricity. — Another  source  of  heat  ie  atmo 
spheric  electricity,  the  origin  of  which  is,  at  present,  shrouded  in  mys- 
tery.    I'he  more  usual  form  in  which  its  calorific  powers  are  presented 
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bo  us,  ia  seen  in  tte  efieotB  of  b,  powerful  flash  of  lightnli  g,  which  not 
unfrequently  fuses  metala  and  earthy  malter  with  which  it  comes  in 
contact. 

III.    CHEMICAl,  SOURCES  or  HEAT. 

748.  Chemical  combination.— When  two  substances  enter  into 
chemical  combination,  there  ia  generally  an  elevation  of  temperature, 
but  sometimes  aJso  a  depression. 

Whore  there  is  a  slow  and  gradual  ohemioal  combination,  the  deTelopment  cf 
heat  cannot  always  be  appreciated.  The  same  a.niount  of  beat  is  developed  ai 
if  the  combination  took  place  quickly,  bnt,  being  extended  over  a  greater  time. 
It  ia  inappreciable  at  any  single  moment,  and  cannot  be  accuralcly  measured. 

Chemical  oomhination  sometimes  takes  place  at  the  ordinary  temperature  i 
bnt  it  is  often  necessary  to  heat  the  bodiea  before  tbey  nill  unite.  An  example 
of  the  first  class,  is  the  mixture  of  sulphuric  acid  niib  water,  or  the  slaking  of 
burnt  lime,— in  both  caaes  a  large  amount  of  heat  is  developed.     As  eiamples 

at  the  ordinary  temperature. 

T49.  Combuotion—When  the  heat  developed  by  the  chemical  com- 
bination of  two  bodies  produces  luminosity,  the  bodies  are  said  to  burn, 
and  the  phenomenon  is  called  combustion.  If  one  of  tiie  bodies  burning 
is  solid,  it  is  called  ^re;  if  gaseous,  _^me.  As  bodies  are  usuallj 
burned  in  the  atmospheric  air,  the  term  oombustioD  has  come  to  ho 
restricted,  in  a  popular  senae,  to  the  union  of  bodies  with  oxygen, 
developing  light  and  heat. 

In  a  chemical  sense,  however,  the  term  combnstion  has  a  wider  rango,  and 
refers,  generally,  to  chemical  anion,  even  when  the  bodies  combining  together 
do  not  evolve  either  light  or  sensible  heat.  Thus,  iron  slowly  rnsla  or  oiydiaes 
in  the  air,  wood  gradually  decays;  these,  to  the  chemist,  are  as  truly  cases  of 
combustion,  as  those  more  rapid  combinations  with  osygen,  which  are  accom- 
panied by  the  splendid  evolution  of  light  and  heat. 

750.  On  the  canse  of  the  heat  generated  bj  combustion,  there 
is  a  great  dirersitj  of  opinion.  According  to  the  dynamical  theory  of 
beat,  it  is  the  vibratory  motion  of  the  constituent  atoms  of  the  bodiea, 
as  they  combine  together,  that  produces  the  rise  in  temperature. 

When  the  state  of  aggregation  of  one  or  both  of  the  bodies  combining 
ia  changed,  the  heat  which  was  latent  becomes  sensible ;  or  if  there  is 
a  depression  of  temperature,  as  is  sometimes  the  case,  a  portion  of  the 
eensible  heat  becomes  latent.  When  there  is  no  change  in  the  slate 
of  aggregation  of  the  bodies  combining,  it  is  explained  by  the  specific 
heat  of  the  compound  being  less  or  greater,  according  ai  there  la  a 
depression  or  elevation  of  temperature. 

751.  The  amount  of  heat  developed  by  chemical  action,  is  of 
freat  practical  importance,  and  has,  for  a  long  time,  engaged  the  atten 
iion  of  physicists.     The  first  esperiments  upon  this  subject  were  made 
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iQ  1790,  bj  LaToisier  and  Lspiace,  by  means  of  tbeir  ice  calorimeter 
CouDt  Rumford,  in  1814,  Welter,  in  1822,  and  DespretK,  in  1823,  ara 
among  those  who  have  oontriboted  valuable  researches  upon  this  HutijeoL 
Compare  1 715.  The  most  elaborate  series  of  esperinients  upon  this 
subject,  was  made  bj  Favre  and  Silbermann,  in  1844;  a  portion  of 
their  results  is  found  below. 

The  thermal  unit  ia  the  heat  necessary  to  raise  a  weiglit  of  water, 
equal  to  that  of  the  combustible,  one  degree  of  the  scale  of  Fahrenheit's 
til 


N«nMi,f.absUnM». 

Qo.nlitj  of  hMt  emilt^ 

Hydrogen 

62031 

Oiyd  of  carbon   .... 

CO 

4S25 

Marsh  ga^ 

C,H, 

23513 

Wood  charcoal     .     .     .     . 

Natural  graphite      .     .     . 

1*006 

Diamond 

Bulphur 

4033 

Oleflantga 

C,H, 

21344 

Oood  toal 

10800 

Sulphuric  ethar  .... 

C.H.O 

16248 

Wood  spirit 

C,II,0, 

Alcohol 

12931 

Stearic  »oid 

CsH„0, 

Acetic  other 

CsHjO, 

11326 

1S8B3 

Essence  of  turpentine  .     . 

C„H„ 

19533 

8480 

Peat 

4300 

The  quantity  of  heat  disengaged  during 
hody,  ia  the  same,  whether  it  attains  at  once 
Dumher  of  timoa. 

Thus,  carbon  diBengagBs  a  certain  amonat 
carbonic  acid.     The  Eame  amount  uf  heat  ie 
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aiydai 


d  to  convert 


752.  The  pyrometrlcHl  heating  effect  of  a  substance,  i 

intensity  of  the  heat  evolved  during  its  eomhuation.     This  varies 
with  different  substances,  and  depends  not  only  on  their  compw 
but  also  on  their  state  of  aggregaljon.    The  conelusions  of  at 
character  derived  from  this  subject,  are  as  follows: — 

1st.   TJie  ipyrmnetrical  healing  power  of  carbon  is  greater,  and  that  of 
hydrogen  smaller,  than  {hose  of  any  other  combustible. 

2d.   The  pyromeirical  heating  power  of  the  ordinary  fuels.  ccmjiAted 
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ofearhon  and  Jijdrogen,  is  greater  in  proportion  io  the  amount  of  carbon 
they  contain. 

3d.  The  pyrcmetrical  heating  powers  of  different  fuels  are  viudi  greater 
in  oxygen  than  in  air.  Thus,  between  carbon  and  hydrogen  burned  in 
oxygen,  there  is  a  difference  of  12,000°  F.,  in  air  only  1500°  F. 

753.  Helativo  value  of  fuel. — In  the  following  table  is  given  tho 
absolute,  specific,  and  pjrometrieal  beating  effects  of  different  combus. 


H^aUng<,e»l. 

Absolule.      1               Sp«iflc, 

Pjromot,lcil. 

HydrogoQ 

Oaseous  combustiblea  .     . 
Vegetnble  oils,  4o.  .     .     . 
Sulphuric  ether  .... 

0-23 

O.gO-036 
1>15— 122 
102 
0-36— 0-4r 

O.OUOIO— 000027 

O'sn 

014—0-28 

!■  OB— 1.41 
O'lO— 0'20 
0.S8— 0-46 

2900° 
1850-1150° 

1575—1750° 

1800-2200° 

2200-2350= 
2050—2350° 
2100—2450° 

2350-2450° 

Lignite 

Bitrnnlnou!  coal  {5  p.  c. 
water,  5  p.  0.  ash.)   .     . 

Wood  charooul    .     .     .     . 

CokB  (not  more  than  S  p. 

o-a*b-) 

O.as— 0-8S 
0  6i-0-9T 

0-84-0'97 

The  lighter  wooils  burn  mc 
the  differeaL  fuels  depends,  U 


Is.     The 


ent,  ou  theic  etate  of  dryneaa 
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754.  Combluatioua  in  the  liuii)ld  way. — Messrs.  Hess,  Andrews, 
and  Graham  have  made  important  researches  upon  the  heat  evolved  in 
combinations  in  tho  humid  way.  Their  principal  results  may  be 
gummed  up  as  follows  : — 

lat,  Equivalents  of  the  different  acids  combining  with  (he  same  base, 
produce  the  same  quantity  of  heat. 

2d.  Equiixdenta  of  the  different  bases  combining  with  the  same  acid, 
produce  different  quanlilies  of  heat  i  generally  the  more  energetic  bases 
disengaging  the  most  heat. 

3d.  When  a  neutral  salt  is  converted  into  an  acid  salt,  there  is  no  dis- 
tTtgagetnent  of  heat. 

4th.  When  a  neutral  salt  is  converted  into  a  basic  sail,  there  is  a  dia- 
engagement  of  heat. 

755.  Animal  beat;  nvarin  and  cold-blooded  animals. — The  ten>- 
poritture  of  orguaized  beings  is  seldom  that  of  the  oiedium  which  Bur 
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tounda  them.     There  is  within  the  living  body  a  aeries  (if  oherainal 
actions  taking  place,  and  these  are  sources  of  heat. 

Id  warm-blooded  aniniiils,  na  tho  mammiferB  and  birds,  tbe  heat  proijuced  at 
eacli  instant  eompenaateB  for  mat  lost  from  the  exterior,  and  thus  the  body  is 
kept  at  a  uBLform  temperature.  In  cold-blooded  animals,  as  reptiles,  fishes,  and 
molIusCB,  heat  is  also  generated,  but  bo  alonly,  that  their  temperature  is  but  ■ 
*Brj  few  dcgreoa  above  that  of  the   Eurronnding  medium,  and  often  is  onlj 

T5£ .  The  caose  of  animal  heat,  it  has  long  been  conjectured,  was 
the  chemical  action  taking  place  within  the  hody. 

Crawford  appears  to  have  been  the  firat  to  adyanee  the  doctrine  that  respira- 
tion was  the  canse  of  animal  heot.  Laroiaier  snpposed  that  the  air  underwent 
in  tha  lungs  a  real  combustion;  its  oiygen  combining  with  the  carbon  and 
hydrogen  of  the  blood,  forming  carbonic  acid  and  the  rapor  of  water.  Tha 
lungs,  according  to  this  view,  were  the  furnaeea,  the  arterial  blood  carrying 
the  heat  developed  by  the  oombuation  into  all  parts  of  the  body.  Thia  view  of 
Lavoisier  has  been  eaaentially  modified.  A  new  theory,  founded  upon  the  re- 
searches of  Spallanzani  and  Magnus,  la  now  generally  received.  They  detar- 
miaed  that  the  arterial  blood  contained  a  large  quantity  of  ojygen,  and  the 
venoua  blood  a  large  quantity  of  carbonic  acid.  It  has  been  concluded  that  the 
venoua  blood  reaches  the  lungs  loaded  with  earbonio  acid,  which,  by  endosmose, 
traverses  the  humid  walls  of  tha  pulmonary  cells,  and  paases  into  the  air.  Car- 
blood,  the  blood  is  foreed  through  the  arteries  into  the  capillaries  of  the  differ- 
ent organs,  where  a  more  or  lesa  considerable  combustion  of  carbon  takes  place. 

It  has  not  as  yet  been  demonstrated,  that  the  hydrogen  of  the  blood  oombiiieB 
with  tha  oxygen  of  the  a'r  Indeed  moat  physiologists  think  that  the  vapor 
of  water  eshalcd  in  raapi  at    a     s  t  n  fly  an  evaporation  from  the  lungi. 

757.  Temperature  of  vegetablea  —As  the  plant  is  the  seat  of 
numerous  chemical  actions  so  also  it  is  a  source  of  heat.  The  tem- 
perature of  plants  is,  in  general  from  0°  9  to  V'l  higher  than  that  of 
the  surrounding  air.  In  a  few  eiucpti  nal  cases,  it  ia  much  higher. 
Thus,  the  Arum  cardif  Imm  of  the  Ihle  of  France,  at  the  time  of  blos- 
soming, reaches  a  temperature  of  120^-2  F.,  while  that  of  the  air  is 
about  67°.  Plants  attain  their  highest  and  lowest  temperatures  som» 
hours  later  than  the  maxima  and  minima  of  daily  temperature. 

g  13.  Conelation  of  Physical  Forces. 

758.  Relations  of  heat  and  foroe.~It  is  well  known  that  there  ia 
an  intimate  relation  between  heat  and  meyhanical  force,  and  that  ona 
may  be  exchanged  for  the  other.  A  given  quantity  of  one  may  be 
converted  into  a  determinate  quantity  of  the  other,  as  is  shown  in  the 
case  of  the  stenm-engine,  and  in  the  production  of  heat  by  meohanioai 
means  (||  -35-741). 
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759.  Unit  of  measure  me  ut,  the  foot-pound. — In  the  experiments 
opon  the  meohnniciil  equivalent  of  heat,  the  unit  adopted  in  Enghind 
and  iu  this  couaCry,  is  the  f>jal>paand,  or  the  luechiuiickl  furce  expended 
in  raising  a  pound  weight,  one  foot  high  (714).  In  France  and  other 
European  uountries,  the  unit  adopted  is  the  mechanical  force  expended 
in  raising  one  kilogramme  (2'2046  Iba.)  one  metro  (3937  in.)  high. 

T60,  .Determination  of  the  mechanical  equivalent  of  heat.— 
According  to  the  Dynamical  Theory  of  Heat,  the  mechanical  equivalent 
of  heat  is  independent  of  the  nature  of  the  body  by  whose  agency  the 
transfurmatioQ  of  mechanical  force  into  heat  is  effected ;  hence  the  same 
resntt  should  be  arr  ved  at  whaterer  cour  e  of  eipet  nent  «  ad  jted 
Mr.  J,  P  Jo  le  of  Manchester  England  hii  mie  the  in  st  exact 
detertninat  on  f  tl  e  mechan  al  eq  alent  f  heit  n  a  eer  es  of  very 
careful  and  elaborate  exper  n  ents  onJucted  bet  een  the  years  1840 
and  1843  '*  Ho  de  er  ned  the  ue  1  a  cal  equ  valent  of  heit  a  a 
number  of  ways  revers  ng  the  quest  on  and  deter  n  n  g  the  an  ount 
of  heat  pr  duced  by  a  certa  n  expend  ture  of  meotian  oal  f  r  e 

One  method  was  by  the  co  npress  on  of  gapes  compress  ng  a  r  w  tl 
a  great  for  e  n  a  opjer  rece  ver  u  one  ^er  es  of  exper  me  ts  filled 
with  air  only  an  1  n  another  w  th  water  The  whole  a|  [  arat  s  was 
placed  in  the  water  of  a  cilor  meter  whoso  ten  peratu  e  before  and 
after  the  oxp  r  ment  was  carefully  detern  ned 


The  heat  deve  oped  by    he  fr,  t 

n  of  wa  er  and 

iddle-wlieel,  fig. 

i,  g,  working  between  stationary 

naa  made  to  revolve  by  the  desc 

enl  of  fl  known 

similar  apparatus,  of  smailer  size, 

and  made  of  in 

In  all  cases,  th 

ratus  was  placed  in  a  metalile  vess 

md  the  temperature  noted  before  a 

nd  after  theeipe 

Id  his  eiperimeots  on  the  frici 

non  of  solids.  Mi 

ised  an   apparutue  consisting  of 

larriad  a  bevaled  oast-iron  wheel. 

,  against  which 

last-iron  wheel  was  pressed  by  a 

lever.     The  wh 

passing  through  a  hole  in  the  lid.     In  all  of  these  e 
menta,  the  temperatures  were  noted  bj  thermometora,  which  indieatod  a  varia- 
tion of  tamparatura  of  tha  ona  Iwo-bundredth  of  a  degree  P. 

761.  ReanltH  of  Joule'a  experiments. — In  the  following  table  are 
given  the  most  important  results  obtained  by  Mr.  Joule.  The  second 
column  gives  the  results  obtained  in  air,  the  third  column,  the  same 
results  florrected  for  a  vacuum. 

•  Phil.  Trans.  1850,  p.  61. 
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UsterLnl  emplojsd. 

pounils)  in  air.      [             tscuo.              |                                      | 

Water,  .      .     . 
Cu^t-iroD,   .     , 

773640 

in  930  1 

JI2-692 
774083 
77i087 

Conclusions  deduced  from  Joule's  experiments. — 1.  Theqitan- 
lily  of  heal  produced  by  the  friclion  of  bodies  is  always  proportional  to 
the  force  employed. 

2.  The  quaatityof  heal  capable  of  increasing  (lie  Uoiperaivre  of  one 
poand  of  VMter  (tedghed  in  vacuo,  and  between  55°  and  60°)  by  V  F., 
rehires,  for  Us  evolution,  the  expeiidilure  of  a  mechanical  force  repre- 
tented  by  the  fall  of  772  lbs.  through  the  space  of  one  foot. 

Conaoquently  n  force  of  one  horae  power  (714)  would  riuse  42  7  lbs.  of  watot 
r  P.  each  minute,  and  would  bring  it  lo  boil  from  90°  in  two  and  a  half  hount. 
Prof.  Thomson  (Phil.  Mug.,  Feb.  1854)  aajg,  it  is  mathematLcally  demonstrated 
ftom  the  dynamical  theory  of  heat,  that  any  substance  may  be  heated  30'  F. 
abOTe  the  atmoaphario  temperature,  by  means  of  a  properly  oontrired  mophina 
driven  by  an  agent,  spending  not  more  than  one  thirty-fifth  of  the  energy  of  the 
beat  eommuntoated,  and  tliat  a  corresponding  machine,  or  Ihc  same  maobine 
worked  backwards,  may  be  employed  lo  produea  cooling  affects. 

When  a,  bodj  is  heatad  by  such  means,  JJ  of  the  heat  is  drawn  from 
aorrounding  objects,  and  ^^  is  produced  by  the  action  of  the  agent. 

762.  The  dynamical  theory  of  heat,  whioh  rests  upon  the  Buppo- 
ritioa  that  heat  is  motion,  or  the  result  of  motion,  is  founded  upou  the 
eonstant  relation  which  exists  between  heat  and  mechanical  force. 

763.  Motions  of  the  molecules.— i-I a  this  theory  it  is  assumed 
that  the  particles  of  all  bodies  are  in  caastant  motion,  and  it  is  thia 
motion  which  constitutes  heat;  the  kind  and  quantity  of  the  motion 
varying  with  the  solid,  liquid,  or  gaseous  state  of  the  body. 

Thus  in  tolida,  it  may  be  assumed  that  the  molecules  ore  contioually  osoilla- 


<ofa 


or  rctory. 


(traight  lines. 

764.  Changes  in  the 


c  volume  of  bodies. — This  view 
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explHtiiB  tne  production  and  covisumption  of  heat,  which  a^ooinpanif 
jhaoges  rt  state  or  Tolume  in  bodies.  The  work  performed  is  partly 
intercal  imil  partly  external. 

ThnB  whra  a  aolia  U  melted,  there  is  an  internal  work,  employed  in  changing 
lie  relatiTU  position  of  the  molecules,  and  in  consequence,  an  absotpCion  of  heat 
proportional  to  the  work  accomplished.  In  evaporation  there  is  an  internal 
work,  omployeii  iii  aaparating  the  molaoules,  and  an  eiteinal  work  in  overooming 
the  forces  which  oppose  themaelves  to  the  eipsnaion  of  the  Fapor. 


work  i! 

theaUu 

osphere  together,  is  transformed  int«  beat.    Agaia,  when  a  liquid 

fies,  the 

internal  work  which  unites  the  moleoules  is  transformed  into  Let 

appears 

as  sensible  heat. 

It  18. 

Bvtdent  that  this  theory  would  modify  the 'ideas  generally  received 

is  lique 

Ged,  cannot  be  regarded  simply  as  being  insensible;  it  must  be 

III.  1 

765.  Vibrations  producing  heat  and  light.— A  careful  conside- 
ration of  the  phenomena  and  laws  of  heat  hna  led  tnanj  able  physioiBts 
to  conclude  that  heat  is  not,  as  was  formerly  supposed,  a  fine  imponder- 
able substance,  but  that,  like  light,  it  is  a  peculiar  vibratorj  motion  of 
the  ultimate  particles  of  bodies.  The  esaet  nature  of  the  vibratory 
motion  of  atoms  which  constitutes  heat  is  more  difficult  to  determine. 

The  polarization  of  heat  is  best  explained,  like  the  polarisation  of 
light,  by  the  theory  of  transverse  vibrations.  On  this  theory  : — Heat  and 
light  are  different  effects  produced  by  one  and  the  same  cause,  and  tkey 
differ  physically  only  in  the  rapidity  and  amplitude  of  their  vibrations. 
While  the  phenomena  of  light  are  due  to  vibrations  whose  utmost  range 
of  velocity  is  comprehended  within  the  limit  of  an  octave  in  music 
(531),  vibrations  of  less  rapidity  and  greater  amplitude  produce  heat, 
while  the  vibrations  which  produce  light,  also  in  their  turn  produce  the 
phenomena  of  heat. 

T66.  Impressions  of  light  and  heat. — It  is  natural  to  admit  that 
the  more  rapid  vibrations  of  ether  are  generally  those  which  have  the 
least  amplitude.  In  fact  this  result  is  deduced  from  an  examination  of 
the  spectrum,  which  presents  a  more  feeble  illumination  in  the  blue  and 
riolet.  It  is  the  same  with  sounds.  The  moro  acute  sounds  have  gene- 
rally the  least  intensity,  while  the  bass  notes  arc  more  prolonged.  As 
grave  sounds  have  little  intensity,  because  their  amplitude  is  great,  so 
with  vibrations  of  the  luminiferous  ether,  we  observe  that  the  extreme 
red  of  the  spectrum  has  but  little  brilliancy. 

Vibrations  impressed  upon  the  air  by  soaoroua  bodies  may  produce  upon  u« 
two  lorts  of  eensatione;  the  one  perceived  by  a  special  organ,  the  ear,  iiheu  ths 
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Tibrationa  are  aufficicntly  ropid,  the  other  affecting  the  entiis  Burfice  of  ooi 
bodies,  producing  that  goDcral  trembling  whieh  results  from  enargetie  vibra- 
tions, OS  in  the  c>iaa  of  thunder  or  tha  roar  of  cannon.  Only  grave  sounds  eor- 
respond  to  vihratioos  of  Buffloient  amplituda  to  produce  this  ganeral  effect.  On 
the  other  hand,  vibratiuna  of  too  great  rapidity,  and  consequently  too  little 
amplitude,  may  fail  to  affect  sven  the  ear,  as  is  the  case  with  vibrations  eioead- 
ing  36,sn0  per  second,  ^  .S78.  We  may  consider  the  same  vibrations  oimmunicated 
to  tha  Bthor  by  the  molecules  of  luminous  bodiea  aa  giving  ria*  lo  two  sorts  of 

snrface  of  the  body ;  the  former  constituting  the  Impression  of  lighl,  the  other 
giving  the  impression  of  heat  when  the  amplitude  of  the  fihrations  is  snffioiently 
great 

But  the  colored  raya  which  pertain  to  Ihe  sstremc  violet  of  the  epBotrjm  are 
produced  by  vibrations  which  ara  yery  rai.  d,  and  which  consequently  have  vary 
little  amplitude.     Such  vibrations  are  not  suited  to  produce  the  general  effect 

speotrnm  obtained  from  the  electric  light,  there  are  more  evident  signs  of  boat 

where  the  vibrations  are  too  slew  to  produce  light,  the  greater  amplitDdc  of  the 

I  463. 

Agrial  vibrations  of  great  amplitude,  and  a  modarata  degree  of  rapidity,  affect 
the  entire  ayalem  (386),  and  when  less  than  32  per  second,  they  seldom  produce 
the  sensation  of  aound.  So  alao  if  the  vibrations  exceed  S>^,50D  per  saoond,  their 
amplitude  is  so  sraall  that  no  audible  sound  is  produced. 

The  gradual  weakening  of  the  violet  tint  of  the  spaotrum,  and  the  eiialonce 
of  invisible  ruya  beyond  the  ostreme  violet,  as  attested  by  chemical  action  and 
fluorescence,  ^J  463,  533,  prove  the  same  thing  in  regard  to  light.  Hettt  end 
light  may  therefore  be  regarded  as  different  effects  of  the  same  cause. 

767.  Qodiea  become  lamlnoos  by  Incanaeacence. — When  a 
body  is  heated,  the  aouvce  of  beat  first  comraQiiioatea  viliraiioos  fo  the 
ether,  and  then  to  the  nioleoules  of  the  body.  The  vibratitig  moleeulea 
in  turn  react  upon  the  ether,  itnd  eicite  undulations  of  different  lengths  j 
the  longer  vibrations  corresponding  to  the  calorific  rays  of  least  refran- 
gibility,  will  have  a  greater  amplitude,  and  will  be  the  first  to  became 
sensible  as  light. 

Helloni  diacovered  that  the  heat  rays,  emitted  by  bodies  of  low  temperature, 
■le  but  little  refVaclod  by  a  prism  of  rock-salt,  hot  as  the  heat  of  the  body 
baeomca  more  Intanae,  and  the  amplitude  of  all  the  vihrationa  may  ba  consi. 
dared  greater,  the  rays  of  heat  are  more  refracted,  the  more  refrangible  rays 
appear  as  light,  and  tha  body  becomes  luminous.  This  result  takes  place  at  the 
temperature  of  about  917°  Fahrenheit,  whatever  be  the  nature  of  the  luminous 
anbatanca.  Draper  formed  a  spectrum  by  means  of  light  from  a  narrow  opening, 
and  eiamined  witb  a  lena  and  micrometer  the  positions  of  the  dark  lines  of 
Eraunhufer  (461).  He  afterwards  employed,  instead  of  the  narrow  opening,  a 
platinum  wire,  the  temperature  of  which  he  oausad  to  vary  by  means  i  an  eloctrio 

appeared  first,  and  aa  the  heat  and  brillianoj  of  the  wire  increased,  the  other 
o«lara  of  the  spaetrum  successively  appeared  up  to  the  violet     This  result  is  ia 
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T6S.  Ht  dlghpd  dbyhmalndm  haul  1 
acUon.— It  y  t         1      t     d  tl    t        th    ra  1       1      ui  fl    t  wh    h 

constitute      h  m      1       t         th        h  d  th     m  1       1  11  b 

Tiolentlj  agtted         db      mth  tf       dlt  fdff        t 

rapidity.     If  th      h  m      1  w    k  th       b    t         w  11  b      1  w 

ftiidtheywllh  ly      fti        t    mpl      d     to  >  bl  Jtl 

been  obse      dthtthhthpddf         1  y  d 

more  refra  g  bl  th      h  m      1       t       b  m  t  Wh 

this  action  bm  ffitlj  gttgtitl  pd 

TibratioDS         ffi        t       pi  t  d     1    ht         mp  th    h     t 

Experiments  show  that  the  color  of  the  luminons  raya  depends  apon  tha  nature 
of  the  substance  from  which  they  proceed,  and  it  is  also  probable  that  the  tem- 
perature at  which  light  begins  to  appear,  depends  also  on  the  nature  of  the 

nature  of  the  molecnles  will  affect  the  rapidity  of  the  vibrations,  and  we  ma? 
presume  that,  if  it  were  possible  to  augment  gradually  the  energy  of  the  chemi- 
oal  action,  wb  should  find  the  temperature  at  which  light  begins  to  appear  is 
more  elevated  in  proportion  us  the  color  of  the  light  which  the  aubatance  affords 
approaebee  to  white  or  violet.  This  conjecture  is  conGrmed  by  the  fact  that  the 
incandescence  due  to  chemical  action,  when  it  is  feeble,  gives  forth  red  light. 

In  meehatihal  aclion,  the  vibraljng  moleeules  impress  upon  the  ether  librii. 
tioDS  of  different  rapidity,  and  when  the  aetion  is  sufficiently  violent,  aa  in  tha 
shock  of  two  Qints,  or  in  the  sudden  compression  of  a  gas,  light  is  emitted  in 
connection  with  the  heat.    Here,  again,  if  we  could  graduate  the  intenaity  of  the 


ma  of  heat  ii 

a  the  interior  of  bodies 

are  mo  re 

>  difficult  tc 

.  compte- 

and  it  ia 

impossible 

system 

of  emission 

1 ;  but  by 
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a  with  other 

effects  in  elastic  bodiei 

S  they  a 

theory  o 

f  undulat  on 

769.  Dilatation  and  obange  of  state — Ihe  heat  received  by  a 
body  agitates  the  ether  this  ■jg  tition  15  commvinicateii  ta  the  mole- 
ouies,  and  the  volume  of  the  body  la  increased  in  proportion  as  the 
amplitude  of  the  oscillation  of  the  molemles  becomes  greater.  It  is 
thus  that  bodiea  whi{.h  vibrato  longitudinally  appear  larger,  and  a 
vibrating  cord  appears  swollen  In  the  same  manner,  obstacles  opposed 
to  vibrating  parts  become  repelled,  il  they  are  so  light  as  not  to  arrest 
the  vibrations 

This  eiplanation  leads  us  to  a  very  simple  and  clear  definition  of 
temperature; — Temperature  conMsts  in  ihe  vibrator^/ stale  of  the  <iher 
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tciihin  the  body,  and  its  intensity  depends  upon  the  ampliliide  of  the 


The  theory  of  changes  of  tomporature  is  natnrallj  eiplained  by  th 

establish  art  equilibrium  between  the  amplitude  of  (he  Tibration 

of  U,die> 

ear  each  other,  through  the  medium  of  the  ether  vbieh  Gils  the 

pace  that 

parateg  them.     The  molecules  of  bodioa  should,  therefore,  be  consi 

ered  a!  iD 

nly  where 

ere  is  a  state  of  perfect  repose. 

The  only  difficulty  in  admitting  tbe  eiistence  of  such  a  state,  is  th 

e  fact  tbal 

leatial  apaeo  is  certainly  filled  with  agitation  by  the  transmiaBio 

,  in  over) 

ssibie  direction,  of  the  different  radiations  which  emanate  from  th 

stars  which  people  space. 

Chaage  of  state  produced  by  heat. — If  the  motion  of  the  mole- 


cules is  BufEolentlj  energetic,  thej  leap 
and  become  independent,  as  a  glaas  rod 
tion  of  its  length,  is  divided  into  many  pi 
phenomeaa  of  fusion. 


from  eaeli  otlie. 

ibrating  rapidlj  io  the  direc- 

We  thus  explain  the 


It  is  the  same  with  the  mechanical  work  developed  by  a  vibrating  body.  The 
work  ropresentfid  is  that  wbiah  has  been  expended  in  putting  it  into  vibration. 
Tbe  heat  developed  in  moving  bodies,  by  electro -dynamic  induction,  and  the 
work  which  it  represents,  are  all  related  to  the  same  tbeorj. 

770.  Quality  of  heat  changed  by  absorption  and  radiation. — 
In  all  experiments  upon  radiant  heat,  it  has  been  observed,  that  heat, 
once  absorbed,  retains  none  of  the  peculiarities  of  the  source  from 
■which  it  was  derived ;  but  its  refrangibility  and  other  properties,  when 
again  radiated,  depend  only  on  its  temperature,  and  the  nature  of  the 
body  from  which  it  is  again  emitted. 

Heat,  transmitled  through  diathermaoous  bodies,  appears  to  be  sided,  or  to 
leave  behiud  some  of  tboije  rays  which  are  transmitted  with  difficulty  tbrougli 
that  substance ;  so  that  a  larger  perecntsge  of  the  remaining  heat  will  be  trans- 
mitted through  another  similar  screen. 

Even  roek-sttlt,  generally  considered  oi 
by  the  later  researches  of  Prof.  Forbes,  ti 
don  of  heat  of  high  temperature  than  of  heat  of  low  temperature. 

It  is  well  known  that  beat  of  great  refrangibility,  or  small  wave-length,  pasi 
mure  readily  through  glass  and  mica  than  heat  having  tbe  opposite  qaaliU 
Tbe  diSeuitj  with  which  heat  radiated  by  loek-salt  penetrates  these  3ubstanc< 
as  compared  with  ordinary  heat,  would  lead  us  to  infer  that  heat  from  rock-s, 
has  a  greater  wave-lengtb  than  ordinarj  heat  radiaUd  from  lampblack.* 

Esq.,  in  tie  Trana. 
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771.  Difference  bet-ween  quantity  and  intensity  of  beat. — 
Another  carious  fiiut  connected  with  this  subject  is,  that  ni  amount  of 
heat  of  low  temperature  can  be  so  applied  to  an  object  aa  to  raise  it  to 
&  higher  temperature  than  that  of  the  source  from  whith  the  heat  ema- 
nated. Thus,  the  heat  of  the  aun,  when  absorbed  bj  a  blackened  wall, 
and  radiated,  cannot  be  again  raised  to  the  intensity  requisite  to  ignite 
ordinary  combustible  substances,  which  are  readily  ignited  by  the  direct 
rajs  of  the  sun  concentrated  bj  a  burning-glass. 

The  same  degrndntioa  of  heat,  or  losa  of  intensit;,  is  obsorved  in  condensing 

tiaaafsrred  without  loss  to  perhaps  fifteen  times  aa  much  eoudensing  nater  ;  bnt 
the  intensity  of  the  heat  is  reduced  from  212'  to  perhaps  100°  F.  The  heat  ia 
not  lost;  for  the  fifteen  parts  of  water  at  100°  are  eapable  of  raeldng  aa  muoh 
ice  aa  the  original  eleam.  But  by  no  quantity  of  this  heat  at  100°  can  tem- 
perature be  raised  above  that  degree;  no  moans  aie  known  of  giving  it  inten- 
sity. 

If  heat  of  low,  is  orer  changed  into  heat  of  high  ioteositj,  it  ia  by  mechani- 
eal  means,  as  by  the  compression  of  gases  or  rapors  to  a  smaller  volume,  when 
the  temperature  is  elevated;  but  this  is  rather  the  conversion  of  raeehanieal 
force  into  heat,  than  the  elevation  ef  the  intensity  of  heat  previously  eiisting 
aa  BHch.     Graham's  Chemistry,  Vol.  I.,  p.  100. 

It  ia  stated  that  Dr.  Wollaston  received  the  beam  of  the  full  mooo,  concen- 
trated by  a  powerful  lens,  in  his  eye,  without  feeling  the  least  heal.  Molloni 
obtained  only  an  estremely  feeble  indication  of  heat,  by  concentrating  the  raya 
of  the  moon  by  a  lens  uver  throe  feet  in  diameter,  and  directing  the  brilliant 
focus  of  light  upon  the  face  of  a  very  sensitive  therm o-muitiplier.  This  may 
merely  show  that  the  heat  reflected  or  radiated  by  the  moon,  has  become  heat  of 
too  low  intensity  to  pass  through  a  glaaa  lens,  or  to  warm  bodies  at  the  ordinary 
terrestrial  temperature. 

All  these  phenomena  are  more  readily  ciplained  on  the  undulalory  theory, 
than  by  the  theory  of  emission. 

772.  Conolusion. — We  conclude,  from  what  has  been  stated,  that 
the  theory  of  undalations,  which  so  completely  explains  the  phenomena 
of  heat  and  light,  as  well  aa  the  different  sensations  produced  upon  our 
organs  by  the  two  sorts  of  radiations,  may  also  enable  us  to  compute, 
with  a  little  uncertainty  in  some  cases,  the  different  effects  whieh  heat 
and  light  exercise  upon  bodies.  We  see  that  heat  and  light  are  due  to 
the  same  cause,  lo  ethereal  vibralions ;  and  that  the  same  vibratioDS  also 
proiuce  the  tw:  sorts  of  effects  when  their  amplitude  is  suScient,  and 
Iheir  rapidity  comprised  between  certain  limita. 

It  remains  only  to  explain,  by  these  movements  of  the  ether,  the  numerous 
It  is  possible  thai  these  effeoU  are  produced  by  either  loigitiidhml  or  rolat-y 

But,  while  It  is  very  easy  to  understand  the  facts  relative  to  the  propagation 
of  electricity,  it  it  lomewbat  ditBonlt  to  eonceive  how  yibratory  mcvemealj 
i5* 
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produce  attraction  and  repulsion.     We  oagit  not  to  regard  thia 

difficulty  U 

,  for  a  long 

:a  of  trans- 

0  the  whole 

ir  thia  difficultj  were  onoe  conquerad,  there  would  appear  a,  p 

uniting  to  the  syalsm  of  ethereal  Fibrations,  tiie  grand  phenomena 

But,  when  all  the  phenomena  of  nature,  in  their  infinjla  variety. 

to  one  and  the  same  nause,  irondarful  simplicity  will  be  joined  to  th 

idea  which 

WB  form  of  the  power  and  majesty  of  the  Grbst  AnTHOR  of  all  tbi 

ga. 

To  bring  the  detailed  study  and  interpretation  of  fasts  to  prove 

this  grand 

unity  of  eause,  is  the  mission  which  science  should  propose  to  h 

rself  at  tho 

present  day. 

This  close  correlation  of  physical  forces,  is  in  harmony  with  recent 
philosophical  views  entertained  by  many  of  the  first  Physicista  of  our 
time,  but  by  no  one  more  felicitously  expounded  than  by  Prof.  Grove.* 

A  full  and  satisfactory  discussion  of  this  subject  will  he  found  in  the 
excellent  Traitfe  de  Physique  of  Daguin  (Vol.  III.,  1859),  from  which 
the  foregoing  is         " 


Problems  on  Heat. 
Thermome  ters . 


209.  What  number  of  Can 

and  Rea 

mnr 

m 

or 

respond  to  the  fo) 

lowing  te 

s  in  Fahrenbe 

's  degree 

; 

Mel 

ng.poin 

of  mere 
brom 
white 

tin, 

ony 

!  +168 
.       194 

.       4^2-4 

Inoipient  red  heat, 

.       &11 

Clea 

ed  heat 

.   1,S.32 

Daa 

a  heat, 

?ahrenhe 

taii< 

Reaumur  degrees  cortaspo 

nd  to  the  following 

•es  in  C 

lUgrade 

i? 

Tern 

if  tnaiit 

nsity  of  water. 

+3'>-8r  C. 

Boil 

ng-poin 

of  liquid 
sulph 

amm 

ma. 

-^0 

1. 

+75 

■V, 

Sll.  H 

«.  thi 

capacity 

riJii 

bulb  of 

t 

the  oapac 
tares  frun 

ty  of  tb 
40<=  bel 

tnbe,  in 

order 
600° 

that  the 
F.? 

herm 

ometer  n 

ay 

measure  tempera. 

:  pp.  229.     London,  1B55. 
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50 

Ezpansioo, 

212 

If  r 

<lso 

th 

6  foil 

nin 

"■  SHb stances,  iron,  b 

rass 

copper,  gla. 

s,pln 

iHver 

ax^h  S  fee 

2  in 

Qhes  in  length  at  th 

per 

tureef 

50"  F 

wUlb 

the 

Tele 

gtb 

at  temperatures  of 

10°, 

25" 

75°,  at 

dlOO" 

F.7 

2IS 

If  a, 

glas 

S' 

exactly  one  gallon  at  60 

F. 

whatv 

ill  be 

pacit7 

if  m 

eda 

temperature  of  boiling  n 

211 

If  a 

riulr 

oad 

eted  in  winter,  when 

the 

age  to 

25"  F 

how 

pa 

St   tb 

e  ends  of  the  iron 

g,  Be 

silow 

uffic 

for 

f  120"  F.? 

215 

°g 

of  tsmpe 

0  pr 

due 

anelo 

ngntio 

Qof 

inches 

in  a 

torti 

f  the 

Bri 

annia  tubular  bridg 

(?  1"), 

917  fee 

gth 

whiob  thejointa  110  feetapart)  will  be  opened  in  winter,  if  the  sir 
divided  amonj  the  sevet^  joints  ? 

217.  Calculate  the  lengths  of  the  steel  and  iirass  rods  required  t< 


Paris, 

New  Yor 

k,  and  St. 

Petcrsbnrgh 

218 

Reduce 

he  follow 

ng  heights  of  the  ba 

at  the  ann 

eied 

2. 

29> 
283 

the  equi 

alent  height 
(  =.  40^  P. 
1  =  25° 
(  =  6S° 
«  =  7S=' 

at  the 
5. 
8. 
7. 
8. 

reel 

24 'T 
17-4 
158 

=  50° 
(  =  80 
(=19 
(  =  10 

P. 

219 

Reduce 

ho  follow 

ng  borometr 

c  observ 

smad 

fttS- 

C 

to  the  tom- 

peratu 

res  indie 

ted  b;  th 

valiiea  of  (, 

given  b 

low 

24     in. 

rednee  to 

(  =  3I>'C. 

28-5 

ia.     reduce 

=  S5' 

C. 

2. 

27-5  " 

=  35° 

195 

=  19° 

A  gpher 

of  brass. 

f  inches  in  d 

s  suEpe 

nded 

from  the  pan  o 

and  CO 

nWi 

at  the 

re  of 

60°  P 

What 

0  restore  th 

equil 

briuu. 

en  the  tern- 

peratn 

re  of  the 

water  and 

globe  is  rais 

OF 

221 

Towba 

temperat 

npenr 

esse 

bo  ho 

ated,  tho 

preasu 

■ere- 

;  1000  cubic  feet  of  gas  a 


and  the  haromett 


of  the  balloon  tu  allow  it  to  eipand  fieelj. 
Specific  Heat. 


223.  How  much  heat  i 

required  to  raise  the  temperature  of 

50  Ih 

of  water       from  40=  F.  to  ISO"  ? 

"   sulptur,      "      6S°       '■  313-7 

45    " 

"   charcoal,    "      45°        "  OSO'? 

"   alcohol,       "      35°        "    65°? 

11    " 

"  elLer,          "        5°        "  132°? 

324.  The  following  qua 

of  water 

.t40°P.!5  1b3,  at65°i 

lbs,  at  70°;  and  3  lbs.  at  90°.    What  was  th 

temper.. 

225.  How  much  wafer 

at  200°  P.,  and  how  much  water  at  40°,  mue 

ba  mixed 

together  in  order  to  obta 

n20  1bs,  of  wateratSS"? 
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226. 

Equal  1 

rolumes  of  men 

jury  at  213' 

'  P.,  and  «aWr  i 

K  33°, 

are  mijted  toge. 

Iher. 

What  is 

the  temperatui 

e  of  tho  mi 

221. 

What  tt 

be  produce. 

1  bj  mixing  equ 

al  vol' 

umes  of  mercury 

at  32" 

water  at  212=? 

Five  pound!  of  ice  at 

.  32",  are  n 

ilsed  with  7  Ihs 

1.  of  water  at  200°  F. 

What 

will  be  t 

he  temperature 

iltcd  ? 

uch  ice  at  32°,  i 

^ed  with  100  Iba 

,  of  w, 

Iter  at  50=  S.,  ia 

order  1 

to  raduof 

re  of  the  mi 

Itura  to  3S=  T. 

7 

230. 

Howm 

aoh  ice  at  32', 

is  required 

to  eool  10  lbs. . 

Dtmei 

■cury  at  300°,  td 

tbefre 

!eiing-p( 

lint  of  water  ? 

231. 

Id  ordo 

r  to  determine 

the  heat  of  liision  of  lead, 

.300  , 

)uuces  of  malted 

1  ting-point  were 

poured  inti 

D  1850  ounces  ol 

fwatei 

:at50°F.    After 

the  lead  had  o 

oolad,  the  watei 

at  20''-7fl  Centigrade 

..     Rcqnired  the 

leat  of  fuaioQ 

of  lead  in  degr 

2S2, 

uch  heat  is  reqi 

lircd  to  laii 

le  the  temperatu 

a  CRbio  foot  each 

of  air, 

oiygen 

,  earhonic  aoid, 

geu  from  32"  F,  to  1 

5",  if  the  gas  is 

aUowe 

d  to  eipsDd  froelj,  and  the  barome 

ionarj 

■  at  SO  inches  f 

333. 

om  20  by  30  feet,  and  10  ft 

et  high,  the  ba' 

T  standing  at  30 

ioDhea 
from  J 

V  F.  to 

76"? 

It  are  requi 

red  to  raise  the 

tempe 

iraturo  of  the  air 

234. 

In  the  ■■ 

last  e=,ample,  h, 

iitsofheatare< 

[ad  in  expanding 

the  ail 

■  of  tlie  1 

Teuaion  of 

Vapors. 

235. 

Before 

filling  a  harnmt 

;t*r  with  m. 

crcury  a  small 

quanl 

ity  of  walor  was 

pourcc 

1  into  th. 

e  tube.     How  h 

mercury  stand 

in  the 

barometer  when 

the  tei 

uperalui 

■e  is  75°  F.,  am 

1  the  press 

ure  of  the  air  i 

B  29  inches  in  an  ao«n- 

Solve  the  last  problem 
!  acid,  and  thirdly,  that 

oil  of  tnrpf 

first,  that  nlcol 
mtine  were  used 

]0l,  3C 

Qondly,  that  Bui- 

phurii 

inatei 

ld  of  water. 

237. 

Caloula 

fe  the  tension  0' 

r  the  vapor. 

if  water  at  the  f. 

Jllowii 

60°,  V5°,  110°,  175°,  220°,  26b',  and  300°  F. 

238.  Det«rminB  tho  boiling-point  of  water,  other,  and  alcohol  at  the  following 
pressures:  31  in.,  29'75  in,,  2S-21  in.,  23  in.,  27  4  in,,  23-7  in. 

239.  A  cylinder  is  filled  with  steam  at  a  temperature  of  350°  F„  and  a  pres- 
enre  of  two  atmospheres.  What  will  be  the  lonsion  of  the  yapQt  if  its  volume 
is  aitninishad  one-half  by  pushing  down  the  piston  ?  What  will  be  the  tension 
of  the  vapor  if  it  is  allowed  to  expand  to  twice  its  former  volnme  ? 

240.  If  a  cubio  inch  of  water  is  hermetioally  scaled  in  a  bombshell,  capable 
of  holding  200  cubic  inches,  and  strong  enough  to  sustain  a  pressure  of  450  Iba. 
to  the  square  inch;  what  temperature  is  reqnirod  to  burst  the  bomb-ahell? 

Ventilation  and  "Waiming. 

241.  How  many  flues,  each  sii  by  twelve  inches,  and  fifty  feet  high,  are  re- 
quired  to  ventilate  a  lectnro-room  sealing  1200  persons,  when  the  leniperaturt 
of  the  room  is  70°  F.,  and  the  external  air  at  30°,  allowing  each  person  three 
and  a  half  cubic  feet  of  fresh  air  per  minute  ? 

242.  Eepeat  the  calculations  of  the  last  problem,  on  the  supposition  that  1500 
persons  are  in  the  room,  and  mate  additional  allowance  for  illumination  by  311 
gas  burners,  consuming  each  31  oubie  feat  of  gas  per  hour,  at  an  expenditnw 
of  20  feot  of  air  for  every  cubic  foot  of  gas  consumed. 


d  by  Google 


ELECTRICITY. 


CHAPTER  III. 

ELECTEIOrTY. 

TT3.  General  statement  — Electric  ty  la  conveaiuntly  aubdivided 
into,  1,  Magnetic  elei'trn.ity  or  magnet  sm  2.  Statical  or  frictional 
electricity;  and  3  Djnamn,il  or  Voltiii.  eleotrioitj.  We  will  consider 
the  subject  in  this  order 

i  1.  Magnetic  Eleotricity. 


TT4.  Lodestone — natural  magnets. — There  ia  found  in  nature  an 
ore  of  iron,  called  by  mineralogists  magnetite,  or  magnetic  iron,  some 
Bpeoimens  of  which  possess  the  power  of  attracting  to  themselves  small 
fragments  of  a  like  kind,  or  of  metallic  Iran.  This  power  has  been 
called  magnetism,  from  the  name  of  the  ancient  city  of  Magnesia,  in 
Ljdia  (Asia  Minor),  near  which  the  ore  spoken  of  was  first  found.  It 
cryatallizes  in  forma  of  the  monometric  system,  often  modified  ooto- 
hedra,  like  fig.  520,  and  is  a  compound  of  one  equivalent  620 
of  poroiyd  of  iron  with  one  of  protosyd.  (FeO  +  FeA 
=  FejO,.)  It  ifl  one  of  the  best  ores  of  this  valuable 
metal. 

Formerly  all  magnets  were  lodestones,  or  natural  mag- 
nets.    A  fragment  of  this  ore  rolled  in  iron  filing'  oi  mag 
nefic  Band,  booomea  tufted,  as  in  fig.  521,  not  alike  ii 
chiefly  at  the  ends.    Fig.  522  shows  a  aimilar  i 
frame,  II,  with  polea,  pp',  of  soft  iron. 
Thus  mounted,  the  lodestone  gains  in 
strength,  by  sustaining  a  weight  from   ^ 
the  hook  bolow,  on  a  soft  iron  cross-bar.  J 

775.  Artificial  magnets  are  made  1 
by  touch  or  influence  from  a  lodestone, 
or  from  another  magnet,  or  by  an  elec- 
trical current.  Hardened  steel  is  found  to  retain  this  influence  perma 
nently,  while  masses  of  soft  iron  become  magnets  only  when  m  i-imtaot 
with,  or  within  a  certain  distance  of  a  permanent  mignet  Artifitial 
magneta  are  more  powerful  than  the  lodestone,  and  possesi  properties 
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entirely  identical  with  it  Magnets  attract  at  oil  distances,  but  Iheii 
power  inoreiees  lilie  all  forces  acting  from  a  centre,  inversely  as  tiia 
square  of  the  distance  Heat  diminishes  the  power  of  magnets,  hut  if 
not  heated  beyond  a  certain  degree  (full  redneBs),  this  power  returns 
on  cooling,  and  is  increased  at  lower  temperatures.  Above  that  pointy 
e  foroe  is  destroyed,  and  they  loae  all  magnetic  power. 

.  given  to  magnets.  The  5ar  magnet  ie  a  simple  straight  bar 
If  curred  so  as  to  bring  tbo  ends  near  together,  it  is  called 
,  and  if  several  bars,  straight  or  curved,  sre  bound  togetber 
3  oalled  a  compound  magnet,  or  magnetie  battery.     The 


at  powerful 


wentj-eiglit  or  thirty 


U8L.UUJ  iLej  susuiu 
MagneUc  needles  are  light  bars,  fig.  624,  suspended  on 

tractions.     Tho  mode  of  making  magnets,  and  the  circum- 
Btanoes  infiucnoing  their  power,  are  noticed  hereafter. 

770.  Distribution  of  the  magnetic  force— 
polaritj. — The  magnetic  force  is  not  equally  dis- 
tributed in  all  parts  of  a  magnet,  but  is  found  con- 
centrated chiefly  about  the  ends,  and  diminishing 
toward  the  centre,  which  is  neutral.  The  points  of  gre 
are  oalled  j)o(e».  When  a,  magnet  is  rolled  in  iron  filings  or  magnetio 
sand,  the  position  of  the  poles  is  seen  aa  in  the  bar  magnet,  Sg.  525, 


whose  centre  is  foand  to  be  quite  devoid  of  the  attracted  particles  which 
cluster  about  the  ends.  The  point  of  no  attraction  is  called  the  neutral 
point— line  of  raaRnetic  indifference,  or  equator  of  magnetism.  Every 
magnet  has  at  least  two  poles,  and  one  neutral  point.  The  magnetic 
poles  are  distinguished  as  N  or  S,  Austral  or  Boreal  (A  and  B),  or  by 
the  signs,  plus  [+)  and  minus  { — ),  all  these  signs  having  reference  to 
the  earth's  attraction,  and  to  the  antagooisra  between  the  pules  of  unlike 
name.    The  law  regulating  the  distributJon  of  magnetic  force  in  a  bar. 
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was  d       m      d         C        mb         means  of  the  torsion  balnnM,  J  820, 
to  f  the  distance  of  any  given  point, 

m  R  1  point. 

777.  Magnetic  phantom — magnetic  onrvea. — The  distribution 
of  the  magnetic  force  about  the  poles  of  a  magnet  is  beautifully  shown 
by  placing  a  sheet  of  stiff  paper  over  tho  poles  of  a  horse-sline  magnet, 
and  scattering  fine  iron  filinj^s  or  magnetic  sand  from  a  sieve  or  gauze 
bag  oyer  the  paper.  As  they  toach  the  surface  of  the  paper,  each 
filing  assumes  a  certain  position,  marking  the  esact  place  of  the  mag- 
netic poles  and  of  the  neutral  line,  as  seen  in  fig,  526.  The  magnet 
may  be  liid  horiiontally  or  a  series  of  mairnetic  bars  may  be  placed 
fig  p  d  T  P      g 


that  purpose  transferred  them  to  a  glued  paper. 
To  fii  tha  curves,  Nickies  uses  a  waiad 


eurfaci 


D,  the  I 


aated  plate  of  ir" 
1  is  easily  pe 

.n  full  raliaf.    (Am.  Jour.  Sci. 


13  fused,  nhiel 


vedby 


ingsbecoma  fixed  in  position  and  in  full  raliaf.    (Am.  Jour.  Sci.  [2]  XXX. 
62.)     The  curves  may  then  be  more  conTenicntlj  studied. 

778.  Magnetic  fignies  rosy  be  produced  on  the  surface  of  a  thin 
steel  plate,  by  marking  on  it  with  one  pole  of  a  bar  magnet.  Magnetism 
is  thus  produced  in  the  steel  along  the  line  of  contact,  which  is  after- 
wards made  evident  by  magnetic  sand,  or  iron  filings  sprinkled  on  the 
plato.  These  lines  may  be  varied  or  multiplied  at  pleasure,  with 
pleasing  effects ;  their  polarity  is  always  the  reverse  of  that  carried  by 
the  bar.  They  may  be  made  even  through  paper  or  caid-board,  and 
will  remain  for  a  long  time.     Blows,  or  heat,  will  remove  them.    Hard 
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plate  steel  is  best  for  this  purpose,  about  one-tweotieth  tti  one-eighth  of 
an  inch  thick,  and  aii  inches  to  twelve  inches  square. 

779.  Anomalous  magnets  are  such  as  have  more  than  two  po!es. 
Thus  the  bar  seen  in  fig.  527  has  a  pair  of  similar  poles  {— ),  at  the 
centre,  and  its  ends  are  con 
sequently  similar  (+),  while  ii 
has  two  neutral  points  at  a  and 
^  Pig.  528  shows  a  bar  with  ' 
three    sets   of   poles,   arranged  528 

alternately  —  and  +,  with  three  neutral  points  at  m,  o,  and  n.  Uroken 
at  these  neutral  points,  every  magnet  becomes  two  or  more  separate 
magnets,  with  corresponding  polarity. 

780.  Attraction  and  repulsion. — The  law  of  magnetic  attraction 
and  repulsion  is,  that  like  poles  repel,  and  unlike  poles  altract  each  other. 

If  a  pioca  of  aoft  iron  ie  presented  to  either  pole  of  a  maenatio  needle,  fig, 
524,  there  is  a,ttraotioD,  which  is  reeiproeal  between  the  needle  and  the  iron ;  for 
if  tlie  iFon  is  suspended,  and  the  needle  approaehed  to  it,  the  iron  is  attracted 
by  either  ond  of  the  needle.  If,  however,  a  magnet  is  approached  to  the  needle, 
-j-  to  — ,  thf      ■        ■        -         ■  - 

If  the  unlike  poles  of  two  equal  magoetio 
approached,  the  tufts  join  in  a  festnou ;  bat  if 
Jlost  of  the  filings  fall.     For  the  same  reason, 


ntuall; 


781.  Magnetiam  by  contact. — When  a  mass  of  iron,  or  of  any 
magnetizable  bodj,  is  placed  in  contact  with  a  magnet,  it  receives  mag- 
netism Uirougbout  its  mass,  and  of  the  same  name  as  the  pole  with 
which  it  is  in  contact.  Thus,  in  fig.  5B0,  the  soft  iron  key  is  sustained 
by  the  north  pole  of  a  magnetic  bar ;  a  second  key,  a  nail,  a  tack,  and 
Bome  iron  filings,  are,  in  succession,  also  sustained  by  the  magnetism 
imparted  by  contact  from  the  bar  magnet  through  the  soft  iron.  The 
series  of  soft  iron  rings,  in  fig.  531,  is  sustained  from  the  bar  magnet 
under  the  same  conditions  of  polarity.     Tested  by  a  delicate  neeiile. 
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oyer  J  p-vrt  of  the  BUBtaioed  masaea  will  manifest  only  nirth  polarity,  and 
we  maj  regard  them  as  only  prolongations  of  the  original  pole.  This  ia 
analogous  to  electrical  conduction.  ^31) 

Pure  soft  iron  receivCB  magnetism  sooner  and  more  puwer 
fully  than  st    I  t       n,  and  also   parts  with   it   si  oner 

Hard  n   1  ateel  and  ha  d    aat  iron  retain  more  or  less  of  the 
magn  t     f      e  pe  u  nently.     No   other   metals   1 
n    k  1       h  It  and  p       blj  ic 
magn  t  m  by      nta  t 
Th         a         th      f 
call  d     tl        magn  t 

Magnet  sm  n 
bodies  not  ferttiein- 
oua. — Beaide  the  mag- 
netic metalB,  so  called, 
Cavallo  has  shown  that 
th  li  y  b  bet  m 
m  t  (  I  ghflj)  by 
h  mm  g  b  t  1 
th  t  p    p    ty  by 

1    ly  wl       th  y  1  1 


h     t  d      Th     p  tl  d  1 

t       d        h        tl  p    p    ty      I     th  f     1  i      m 

th      m         1  t  g      yd    f  b      t         th  t 

p         gMBtdtmdintl  ftwpm         fma. 

f  m  S  b  {m  Tit  )  d  th  th  f  m  Z  w  Id  (1  th  m  ) 
th  t  lb  m  gn  pow  w  (by  th  m  tl  d  f  11  ti  )  6  8 
to  20,  and  he  remarked,  if  the  osyd  of  iron  be  the  cause  of  their  magnetic 
■virtue,  it  should  exist  in  the  minerals  in  the  above  proportion  ;  and  curi- 
ously enough,  the  result  of  Vauquelin's  analyses  (then  unknown  to  M. 
Biotj  oorresponded,  almost  exactly,  to  these  numbers. 

on,  howoTcr,  appear  to  destroy,  or  cloai, 
D  alloy  of  iron,  one  part,  -aifh  antimony 
utterly  deroid  of  magoetip  action  ;  and  the 
incealed  in  thu  alloy      "    '  ' 


The  r. 


e  stntsa  of  chemioal 
ignetio  virtues  of  ir 
irts,  was  found  by  Sei 


:ebrn. 


-n(?Ii 


>  snbjeo 


.M). 


II. 


783.  Induction. — Every  magnet  is  surrounded  by  a  sphere  of  luag- 

netio  influence,  which  has  been  called  its  magnetic  atmosphere.   Every 

magnetizable  substance  within   this  influence  becomes  magnetic  alsn 

(without  contact),  the  parts  contiguous  to  the  magnet  pole,  having  an 

46 
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g.  532,  the  nortli  end  of  a  bar  magnet  induces  SDUth  palaritj  in  (lie 
.nds  of  the  Era  bars  surrounding  it,  and  north  polaritj  ia  their 
If  these  bars  aie  of  hardened  steel,  they  532 


The  ingenuity  of 
ttationa  of  magned 

784.  Theoietical  oonaiderations. — The  real  nature  of  them 
force  is  unknown  to  ua;  but  the  analogies  offered  bj  electro-magnetism 
and  magneto-electricity,  lead  to  the  conviction  that  it  is  one  mode 
of  electrical  excitement.  Unlike  light,  heat,  and  statical  electricity, 
magnetism  affords  no  phenomena  immediately  addressed  to  the  senses. 
It  ia  distinguished  from  statical  electricity  chiefly  by  its  permanent 
character  when  once  excited,  and  by  the  very  limited  number  of  sub- 


stances  capable  of  receiving  and  manifesting  it. 

785  The  ry    f  w    fl    d   —It      y  b 

d  th  t  th 

magnetic  or    It       1  fl    d    {th    B        1       p     t 

dth 

negative),  wh    h                     t  t      f    q    1  b      m 

mb 

bodies  ,  that                     k  1   A.      th        Iw    f 

pb 

ration,  hy  v    t        f  th        d     t           fl              f  th 

th 

magnet,  wh  1            th      bod         th      p    m         t 

p      t 

effected.     Th    t       m  g     t     f 

1  t  d 

other,  but            Iw  j           t  d                 b         H 

w 

boreal  mag     t                   tig             w          y 

t  t      1 

produce,  at  pi               t 

t 

surface  of  a  b  dy      B  th  p  i      m     t             t 

y 

break  amgtb        tt           tlptwh 

tw 

ik  ti 

and  ita  neutral  point  also.     The  anomalous       „ 

t  ,fi„ 

render  this  statement  intelligible.     Every  magnet  must,  in 
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be  regarded  as  an  aaseniblage  of  numberless  small  magnets,  every 
molecule  of  st«el  having  its  own  poles  antagonietic  to  those  of  the  next 
contiguous  particle.  This  conception  is  rendered  clearer  to  the  eenses 
by  fig.  533.    Here  the  N  and  S  poles  ^^^ 

of  the  several  particles  are  each  re-     g— ^— i-— r-— it-— g»r-» 

speetively,  and  towards  the  N  and  S  "snsnsnii.  insHfiif 
ends  of  the  bar.  These  opposing  forces,  therefore,  constantly  increase 
from  the  centre  or  neutral  point,  where  they  are  in  equilibrium,  to  the 
ends,  where  they  find  their  maiimum.  This  arbitrary  illustration 
enables  us  to  conceive  how  aueh  a  body  may  excite  similar  manifesta- 
tions of  power  in  another,  without  itself  being  weakened,  and  how 
each  part  becomes  a  perfect  magnet?  if  the  bar  is  broken.  The  experi- 
ment shown  in  fig.  529,  illustrates  well  the  reunion  of  the  two  fluids 
to  form  the  neutral  state  of  the  undeoompoaed  influence. 

De  Holdnt  has  shown  that  a.  brass  tube,  filled  with  iron  filings,  ooofinad  by 
screwed  caps  of  brass,  oan  be  magnetued  by  any  of  the  modos  used  for  bars, 
and  have  its  poles  and  neatral  point  like  a  bar  magnet;  but  if,  by  euncussion, 
the  parliclas  of  iruo  are  disarranj™-!,  the  magnetic  foree  dimmisbes,  and  finally 


1 

;hem; 

[>gn 

etie] 

wastes  of  Di 

-.  Kni 

ight  at 

id  of  Ir 

igei 

.haus! 

that  litCl. 

ipa 

as  of  magneUc  i, 

:on,  or 

of  pul 

htd  k 

the 

iuceofll 

he  magnelii 

;poU 

IS,  and 

line,  J 

ink 

>aoit 

iss, 

byd 

rjing  oils. 

or  by 

■  the  aj 

ie  Df  s- 

ime 

gnmi 

of  sand  or  earthy  matter,  can  be  magnetized  as  a  bar,  shon 
composition  of  the  neutral  fluid  in  each  particle. 


786.  Coercltlve  force. ^The  resistance  which  most  substances  show 
to  the  induction  of  magnetism,  has  been  distinguished  by  the  term  co- 
ercitive  force.  In  soft  iron,  this  force  may  be  regarded  as  at  a  minimum, 
siuce  this  substAnce  will  receive  magnetic  influence  even  from  being 
placed  in  the  line  of  magnetic  dip,  while  in  steel  which  baa  been  hard- 
ened, a  peculiar  manipulation  is  required  to  induce  any  permanent 
magnetism.  Soft  iron  parts  with  its  induced  magnetism  as  readily  aa 
it  receives  it ;  but,  if  it  is  hardened  by  blows,  or  violent  twisting,  or  by 
small  portions  of  phosphorus,  arsenic,  or  carbon  combined  with  it,  a 
portion  of  magnetism  is  permanently  retained  by  it  from  induction. 

As  blows,  by  haidenitig,  may  induce  permanent  roagaetism  in  aoft  iron,  so,  in 
steel,  the  coeroitive  force  may,  by  simple  vibration,  as  by  blows  on  a  magnetic 


TiT,  Magnetic  needle. — Directive  tendency.— 
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die,  suspended  orer  the  polea  of  a  horse-shoe  magnet,  co: 
the  plane  of  the  poles ;  and,  In  obedience  to  the  fundan 
magoetio  attractions,  its  A  and  B  poles  334 

will  be  opposite  to  the  B  and  A  polea 
of  the  attracting  magnet.  The  sus- 
pended needle,  in  fig.  534,  aaaumes  its 
position  by  reason  of  the  same  law,  and 
(,omes  to  rest  with  its  A  pole  toward  the 
N  pole  of  the  earth  and  its  B  pole  to- 
wards the  Houth  All  bar  magneta,  S,- 
having  a  free  motion  m  a  horizontal 
plane,  arrange  themselves  in  this  man- 
ner in  every  part  ot  the  earth 

This  direolLja  tendency  of  tho  magnet  has 


twelStb 

century;  bu 

» 

s  tnown,  it  is  said. 

to  the  Chinese,  2000  b.  0 

Th* 

mariner's  compass,  used  by  Syrian  n 

avigator 

in  12j2,  was  a  0 

eewing-needle,  rende 

magnetic,  thrsst  tht 

ed  or  wrk,  and  a 

lo»ed 

to  float 

oa  water.     {Kla 

proth.)     ThisdireBtiT 

e  po«-or 

renders  the  comp 

TSluahl 

to  the  explo 

s,  to  the 

surveyor  and  the 

thB  min 

rologist  and 

th 

physioiflt  also  find  it 

ndispen 

rehea. 

Theta 

Boreal  have  been  applied  to 

the  polarity  of  th 

netio  ua 

die,  in  alius 

to  tb«  free  Austral  and  Bore 

1  magnetism  ossu 

uedlo 

Bsiat  re 

pectivel  J  in 

he 

southern  and  norther 

region 

of  the  earth.    In  a 

ooord- 

ttnoB  with  magnelio 

the  end  of  the  needle 

pointiu 

E  nortb  is  called  A 

mtral, 

and  thai 

pointing  ao 

th 

simplici 

y,  the  mariner's  eo 

mpass 

d  N  on  that 

north. 

and  oonvorBelyi  b 

u(  the 

terms  a 

Btral  and  bo 

eal 

may  be  used  interoh 

ngeablj 

negfc. 

■  north  and  south  polar 
The  mariner'a  compass  is  arranged  in  a  bos  (K,  fig.  535)  called  11 


l^Jl 


binnacle    ilium  nated  'it  n  ght  tliough  the  glass,  M.     The  uiaguetio 
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needle,  a  b,  fig,  536,  delicately  poised  on  a  socket  of  agate,  is  attached 
to  the  lower  side  of  a  card  or  plate  of  mica,  t,  on  which  is  printed  the 
star  of  thirty-two  points, — seven  between  each  two  of  the  cardinal 
points,  N.,  B.,  S.,  and  W.  The  oompaBs-hox,  oo,  is  hung  on  points 
called  gimbals,  c  d  c  s  (pronounced  gimbles),  which  allow  it  to  remain 
always  horizontal,  however  the  ship  may  roll.  The  transom  or  croas- 
sighcs,  A,  may  be  placed  at  pleasure  on  the  face,  m,  of  the  compass, 
when  the  object  is  to  measure  points  on  the  coast.  Both  parts  of  the 
figure  are  similarly  lettered. 

The  astatic  needle  is  an  inatrHmant  in  which  the  direotivo  l^ndenej  of 

fig.  537,  parallel,  one  aboFe  the  other,  with  their  unlike  poles  537 

opposed  to  each  other.     This  system  is  euspeadcd  by  a  fibre 

s  n 


jctly  equa 


a  adopted  ii 


I  ii  uade  by  Couch  in 
weight,  bj  the  N.  p 

needle  is  very  nearlj 


788.  Magnetic  meridian — declination,  or  variation.— There  are 
but  few  places  in  the  world  where  the  magnetic  needle  points  to  the 
true,  or  astronomical  North ;  and  In  all  other  places,  a  plane  passing 
through  the  asia  of  the  magnetic  needle  (the  magnetic  meridian),  foils 
to  coincide  with  the  geographical  meridian.  Moreover,  the  magnetic 
meridian  in  aoy  given  place  is  not  constant,  but  changes  slowly  from 
year  (o  year  (called  secular  varialitm),  being  now  on  the  B.,  and  again 
on  He  W.  side  of  the  true  North,  This  is  called  the  declination  or 
variation  of  the  magnetic  needle.  The  declination  is  called  Easteru, 
or  Western,  according  as  it  may  be  to  the  East  or  to  the  West  of  the 
astronomical  meridian.  The  angle  formed  by  the  meeting  of  the  true 
and  tie  magnetic  meridians  is  called  the  angle  of  declination.  Thus, 
aft  Washington  City,*  the  angle  of  declination  in  1855-6  was  2"  36'  W., 
and  at  New  Haven  it  was  6  3  9  W  August  12  1848.  Ja.  Ruth, 
obeerver, 

Columbns,  ia  hia  Gret  rnjage    0  Ame      a  fonnd  the  needle  to  have,  as  he 

not  beforo  observed,  and  which    ausad  the  g  ca  e  t  eon  tema    on  in  hig  snper- 
oompaaa  was  about  to  lose  ile  mv    e        s  p  wb         (I  v  ng  s  Columbus.)     Not. 


•  U.  8.  Coast  Survey  Report,  ISS 


0.  A.  S<!HC 
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withslandiDg  these  and  other  simUar  obaerFations,  it  was  not  until  the  middU 
gf  the  aeventeeath  century,  that  the  variation  of  the  compass  was  an  established 

in  England,  data  from  I58U.  The  following  table,  from  Uarria,  contains  the 
declination  with  the  mean  rate  of  motion,  as  referred  to  certain  periods  of  obser- 
lalioo  in  London,  betneoa  1580  and  1850,  or  about  two  hundred  and  seventy 

Tears,  1680.       1622     166P      1692.  1730.       1165  1618  1S50 

Deolination,  —11°  15'  —6°  0  -|-6=  +13"  +20^  -|-24»  41'  +22=  30' 
Rate  per  jear,  V  8'     10'  11'      ll'-S         9'  0'  6' 

TbnB,in  a  period  of  eighty  years  fVom  the  first  observation,  the  needle  gradu- 
ally  reached  the  true  meridian,  and  then,  for  a  period  of  one  hundred  and  fifty- 
eight  years,  it  moved  Westward,  reaching  its  maiimiim  Westerly  declinatioa  in 
1818,  and  it  is  now  again  slowly  moving  Eastwards.  The  rate  of  this  move- 
mum,  point  of  declination. 

Observations  since  1700  establish  the  same  facts  in  the  United  States,  at  a 
great  number  ot  places.  Thus,  at  Burlington,  Vt.,  in  1790,  the  declination  wa» 
+7"  8;  in  1830,  +8°-30  ;  in  1840,  +9°  07  ;  aud,  in  1860,  +10°-30.  Id  Cam- 
bridge, Mass.,  in  1700,  it  was  +9°-9,  and  steadily  diminished  to  1790,  when  it 
was  -i-e°-9,  and  has  since  regularly  increased  to  the  present  time,  being,  in 
1855,  +10"'-B0.  At  Hatbo rough,  Pa.,  in  i.  n.  1680,  the  declination  was  +8'-S; 
in  1800  it  had,  by  a  regular  rate,  decreased  to  +r-8,  and,  in  1860,  was  -[-5°-32. 
At  Washington,  D.  C,  it  was  +0'6  in  A.  D.  1800,  and  in  1860  had  mcrewed  to 
+2'-9. 

South  of  Washington,  the  declination  is  uniformly  Easterly,  ranging,  at 
Cbarleaton,  S.  C,  from  — S"-?  in  a.  b.  1770,  to  — 1°'7  In  1860.  On  the  Western 
Coast  of  North  America,  it  is  also  Easterly  i  being,  for  example,  at  Ban  Fran- 
Cisco,  in  17B0,  — 13°-6,  and  in  1860,  ~15-''8.  The  annual  change  (increasing  B. 
declination)  being,  in  1840,  — l''fl  ;  in  1850,  — 1'-2  ;  and  in  1860,  — 0'-8. 

For  a  nill  discussion  of  Mngaetic  Decliuation  in  the  United  States,  the  atu- 
dent  will  refer  to  the  Reports  of  the  United  States  Coast  Survey ;  and  for  on 
able  extract  of  all  the  results  ot  secular  change  on  the  AUaotie,  Golf,  and  Pa- 
cific Coasts  of  the  United  States,  refer  to  a  "Report  by  Assistant  Charles  A. 
Schott,"  in  Am.  Jour.  Sci.  [2]  XXIX    p  335 

The  ftrat  attempt  to  systematize  the  vanati  ni  of  the  magtietic  needle, 
and  to  coDoect  by  lines,  called  tsogonic  Imes  all  those  pUcea  on  ths 
earth  where  the  declination  was  Bimilar  was  made  by  Ilalley,  about 
1700.  He  thus  discovered  two  distmct  hues  of  no  inelination,  called 
agonic  lines,  one  of  which  ran  obliquely  over  North  America  and  across 
the  Atlantic  Ocean,  and  another  deicended  through  the  middle  of  China 
&nd  across  New  Holland ;  and  he  inferred  that  these  lines  eommuni 
eated  near  both  poles  of  the  eurth. 

789.  Variation  chart.— Isogonal  lines.— In  fig.  538,  ia  seen  a 
projection  of  the  lines  of  equal  and  no  declination,  on  a  Mercatur's 
ohiu-t  of  the  esrih,  embracing  observations  down  to  1835.     The  Ameri- 
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can  line  of  no  variation,  or  aj/oiie,  orosses  the  eastern  point  of  South 
America,  in  latitude  20°  S.,  skirts  the  Windward  Antilles,  enters  North 


Oarolinft  near  Cape  Lookout,  and  passing  through  Staunton,  in  Vit' 
^nia,  croaaea  Lake  Erie  midway  on  its  course  to  Hudson's  Bay,  The 
chief  Asiatic  agone  (for,  in  fact,  there  are  two  lines  of  no  variation), 
after  traversing  the  Indian  Ocean  in  a  southerly  direction,  crosses  the 
■western  part  of  New  Holland  near  120°  E.  All  the  entire  lines  on  this 
chart  indicate  western  declination  while  thp  dotted  lines  mark  eastern 
declination.  According  to  the  the  ry  f  Gaus*"  the  eminent  German 
astronomer,  no  linee  of  equal  v^r  it  on  can  form  diverging  branches,  or 
be  tangents  to  each  other;  but  when  there  i'  a  spi  e  w  th  n  which 
the  declination  is  less  than  outs  de  any  p> 
that  line  must  form  a  loop  the  two 
branches  intersecting  at  right  angle't 
The  observed  line  of  R"  40  in  the 
Pacific,  beautifully  illustrates  an  1 
confirms  this  theoretical  pos  tion  as 
shown  on  the  chart,  fig.  538 

Figure  539  illustrates  the  eircum 
polar  relations  of  the  corresponding 
lines  of  equal  variation  in  the  n  rth 
em  hemisphere.  It  will  be  SPeu 
that  much  the  larger  number  of  the 
isogonal  lines,  converge  on  the  Mer 
catnr's  projection  at  a  po  it  npar 
Baffin's  Bay,  in  lat.  TS'-O  N  long  "(P  0 
Bout'iward  of  New  Holland. 
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HanatooQ,  ia  1928, 

iB  his  weU-kn 

owu  charii,  accepts  the  same 

view. 

ByGau 

theory  of  toriestris 

.1  mBgoetism, 

only  one  magnetic  pole  in  ■ 

cachb 

required,  and  thus 

far  obaeryatioi 

n  has  shown  a  wonderful  c 

nity  botn 

Ihe  theory  o'  Q  nil  si 

5  nud  the  facts 

790.  Dally  variations  of  the  magnetic  needle. — Besides  the 
great  secular  movementa  of  the  magnetic  needle  alreadj  noticed  (788), 
it  is  found  to  vary  senaiblj  from  day  to  day,  *nd  even  with  the  different 
periods  of  the  same  day.  The  most  refined  means  have  been  in  our 
time  applied  to  the  exact  investigation  of  this  phenomenon,  first  noticed 
by  Graham,  a  London  optician,  in  1722.  It  has  been  shown  that  the 
north  pole  of  the  needle  begins  between  seven  and  eight  a.  m.  to  move 
westward,  and  this  movement  contiouea  until  one  f.  h.,  when  it  hecomea 
itationary.  Soon  after  one  o'clock  it  slowly  returns  eastward,  and  at 
about  ten  p.  m.,  the  needle  again  becomea  stationary  at  the  point  from 
which  it  started.  During  the  night,  a  small  oscillation  occurs,  the  north 
pole  moving  west  until  three  a.h,,  and  returning  again  as  before.  The 
mean  daily  change,  as  observed  by  Capt.  Beaufoy,  ia  not  quite  one 
degree.  This  daily  disturbance  of  the  magnetic  needle  is  undoubtedly 
due  to  the  action  uf  the  aun,  and  it  will  therefore  vary  in  different  lati- 
tudes. In  the  Southern  hemisphere,  the  daily  oscillations  are  of  course 
reversed  in  direction  to  those  of  the  Northern  heniisphcre. 

The  annual  variation  of  the  needle  was  discovered  by  Caasini,  in  1798 
■Wa  have,  therefore,  lei,  the  great  senvlar  variatiorta,  continued  through  long 
periods  of  time ;  2d,  onimoi  imHationi,  oonfonning  (o  (he  movement  of  the  sun 
in  Ihe  solstices;  3d,  dails  variations,  conforming  nearly  to  the  periods  of  mail- 
mnm  and  minimum  temperature  In  each  day,  and  lastly,  irregular  variatium, 
connected  nith  the  anrora  boroalis,  or  other  ooBmioal  phenomena,  which  Horn, 
boldt  ha^  called  ntagnttic  atonns. 

791.  Dip  or  inollnatlon.— A  needle,  hung  aa  m  fig  540,  within  a 
Btirrup  upon  the  points  ab,  the  whole  system  being  suspended  by  a 
thread,  will,  before  magnetizing,  if  carefully  adjusted,  stand  in  any 
position  in  which  it  may  be  placed  If  now  the  needle  be  magnetised. 
it  forthwith  assumes  the  position  seen  in  the  hgure,  its  pole  dipping 
toward  the  North  pole  of  the  earth.  In  this  latitude  (41f  18'),  the  dip 
was,  in  1848,  73°  3I''9.  Such  a  needle  is  called  a  dipping  needle,  and 
if  constructed  as  in  the  figure,  it  shows  both  the  declination  and  dip,  or 
inclination,  of  terrestrial  magnetism  for  any  given  locality.  As  the 
whole  system  is  free  to  move,  it  will  obviously  arrange  itself  in  the 
magnetic  meridian,  and  its  position  of  equilibrium  will  be  the  resultant 
of  the  two  forces  of  declination  and  dip.  Approaching  the  equator, 
the  dipping  needle  becomes  constantly  less  and  less  ioclitied,  until  at 
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last  a  point  is  found  where  ii  is  quite  horizontal,  i 
iu  Uie  mayneiic  equator;  an  imaginarj  plane  noa 
with,  the  equator  of  the  earth. 

The  discoTBiy  of  lie  magnetio  dip  or  ineJination, 
vaa  made  ia  1576,  by  Rob        "" 
optician  of  LondoD,  who  cuustruolod  tho  first  dipping 
needle,  bj  w 
that  tim 
the  docli 


>re  than  i'  jearlj,  while  bat' 

IS  about  2-5'  jearlj,  showing 
d  retarded  movement  in  the  secular 
pping  needle,  or  magnetic  inclination. 

792.  The  action  of  the  earth's  magnet- 
Isrn  on  the  dipping  reedio  is  neatlj  illustrated 
by  the  simple  arrangement  seen  in  fig.  541,  where  the  magnetic  bar  s«, 
is  placed  horizontallj  on  the  diameter  of  a  semioirele,  representing  an 
arc  of  the  meridian,  on  which  a  small  dipping  needle  is  made  to 
occupy  succossively  the  position  541 


793.  Dipping  needle. — The  dipping  needle  of  Blot,  shown  ii 
642,  Ib  wholly  of  brass,  and  embraces  two  graduated  circles,  m  and  M, 
one  horiiOQtal  and  one  yertioal.  The  circle,  M,  with  its  supporting 
frame.  A,  moves  in  azimuth  over  m,  by  which  it  is  placed  in  the 
maanetic  mer'dian      It  is  leveled  by  the  level,  n,  adjusted  by  three 
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794.  IncUnation  map,  or  isoclinal  Uuea.^In  fig.  543,  is  pre- 
sented a  Meroator's  projeotion  of  the  line  of  do  dip,  oi  magnetic 
equator,  and  the  position  of  the  isoclinal  lines  of  30°,  50°,  70°,  80°.  and 
85°  north,  and  30°,  50°,  and  70°  south.  It  will  tie  noticed  that  the 
magnetic  is  below  the  terreatrial  equator,  in  all  the  western  hemis- 
phere, and  Is  above  it  in  the  eastern,  crossing  it  near  the  island  of  St, 
Thomas,  in  longitude  3°  E.,  and  ^ain  in  the  PaclSc  ocean.  These 
points  of  int«raBotion  of  course  vary  with  the  progressire  changes  of 
the  magnetic  dip-  Tiie  greatest  declination  of  the  magnetic  equator 
from  the  equinoctial  line,  amounts  to  about  20°  N.,  near  53°  E.  longi- 
tude, and  its  greatest  southern  declination  is  13°,  in  about  40°  W. 
louKitude,  near  the  bay  of  Bahia,  on  the  East  coast  of  South  America 
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The  inulination  of  the  needle  at  anj  plac 
its  magnetic  latitude.     (Kraft.) 


0     -M  0     au  40    no    go,,  ^iM  ^ 

H 

«5B?J*.iP^["^" 

■■"""r~F~ 

i~9lfH'S''^.f'':5Sa»'.  • -;?5«aBE'SEl 

Figure  544  ehows  the  relation  of  Uie  isoclinal  Imei  of  80°  and  85  j 
the  northern  hemisphere,  to  the  lines  of  latitude,  and  to  the  N.  ind.giii . 
pole,  near  Baffin's  Bftj,     Sir  James  544 

Ross,  in   1832,  found   the  needle  t 
dip  near  Prince  Regent's  Inlet,  lat. 
70°  N.,  longitude  90°  N.,  within 
minuta  of  90°. 

It  ia  to  be  ohserved,  that  the  lines  / 
of  equal  magnetic  inclination  [isocli- 
nal lines),  are  found  to  approach  in 
poaition,  with  very  considerable  cou- 
formitj,  to  the  isothermal  lines,  or 
linea  of  equal  temperature,  thus  indi- 
cating a  close  relation  between  the 
earth's  magnetism  and  the  distrihu- 
tion  of  tbe  terrestrial  heat, 

795.  Magnetic  intensity. — It  is  plain,  from  the  phenomena  of  the 
magnetic  declination  and  dip  already  considered,  that  the  distribution 
of  magnetic  force  oyer  the  earth  is  unequal,  although  in  general  it  is 
moat  active  about  the  poles,  and  least  so  about  the  equator.  The  ques- 
tion arises,  how  maj  the  magnetic  interisitj  at  any  given  point  of  the 
earth  be  determined?  This  question  is  answered  hj  the  use  of  the 
needle  of  oacil/alion.  A  large  number  of  facts  serve  to  show,  that  a 
freely  suspended  needle  in  a  stute  of  oscillation,  is  influenced  by  the 


d  by  Google 


624  PHYSICS  OP  IMPONDDKABtE   AOBNTS. 

magnetic  force  uf  the  eirth,  in  a  wa,j  aualogouB  to  that  of  a  common 
pendulum,  oscillating  by  the  influence  of  grnvity ;  and  t^at  hence  hj 
means  of  suoh  a  needle,  we  may  determine  the  ratio  of  the  intensity 
of  terrestrial  magnetic  force  throughout  the  whole  extent  of  the  earth's 
surface. 

earth,  waa  first  snegeated  by  Graham,  in  inS,  and  was  afterwards  more  fully 
perfected  and  employed  by  Coulomb,  Hnmboldt,  Hansteen,  and  Gauss.  Hum- 
boldt narefully  determined  the  time  of  a  given  number  of  oscillations  of  a  emaU 
magnetic  needle,  first  at  Paris,  and  ailerward  in  Peru.     At  Paris,  the  needle 

only  two  hundred  and  eleven  in  the  same  time.  The  relative  iniensl'tlea  were 
therefore  as  Ibe  square  of  these  two  aumbers,  or  as  ]  :  1'3182,  which,  asBuroing 
(he  point  on  the  magnetic  equator  in  Peru  aa  unity,  will  give  the  magDEti-l 
intensity  at  Paris  as  1-3482.  This  kind  of  observation  has  since  been  extended 
to  nearly  every  known  part  of  the  globe,  and  full  tables  have  been  published, 
giving  the  results,  Tbas  the  intensity  at  Eio  de  Janeiro  is  0887 ;  Cape  of  Good 
Hope,  0'B45!  Peru,  1-;  Naples,  1-274;  Paris,  1-348;  Berlin,  1-364;  London, 
1-369;  St.  Petersburg,  1-403;  Baffin'a  Bay,  1-707- 

magnetic  elements  has  lately  been  published  by  Dr.  A.  D.  Bache,  in  Am.  Jour. 
8oi,  [2]  XXIV.,  p.  1,  where  ell  the  earlier  observations  are  collat*a,  with  the 
more  eitended  results  of  the  Coast  Survey,  with  maps. 

796.  iBodjrnamic  lines,  or  lines  of  equal  power,  are  sucn  as  con- 
nect places  in  which  ohservatione  show  the  magnetic  intensity  to  be 
equal.  These  lines  are  not  always  parallel  to  the  isoclinal  lines, 
although  nearly  so,  and  the  points  of  greatest  and  least  intensity  are 
not  eiaotlj  iduntioat  with  the  points  of  greatest  and  least  inclination. 
Hence  the  intensity  of  the  magnetic  equator  may  not  be  everywhere  the 
same.  These  lines  are  probably  curves  of  double  curvature  returning 
into  themselves,  implying  the  esistence  of  two  intensity  poles,  the 
western,  near  Hudson's  Bay,  in  lat.  50°  N.,  Ion.  90°  W  ;  and  the  eastern 
or  Siberian  pole,  about  70°  N.,  and  Ion.  120°  E.  The  two  southern 
poles  have  been  placed,  one  to  the  south  of  New  Holland,  in  lat.  60° 
S.,  Ion.  140'  E. ;  the  other,  in  the  South  Pacific,  also  in  lat.  60°  S.,  but 
Ion.  120°  W.  These  four  poles  are  not  therefore  diametrically  opposite 
to  eaflh  other. 

The  terrestrial  magnetic  force  increases  toward  the  south  pole,  nearly  in  the 
the  globe  are  found  io  the  southern  hemisphere,  it  would  appear  that  the  ratio 
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797.  The  Inductive  po-wer  of  the  earth's  magnstism  is  Dtnoi- 
feated  by  the  polaritj  developed  in  any  bar  of  soft  iron,  or  of  eteel, 
placed  in  an  erect  position,  as  in  Eg.  545,  or  better,  in  tbe  angle  of  the 
dip  of  the  place.  The  end  of  the  bar  toward  the  earth  is  alwajs 
Austral,  Boreal  magnetism  existing  at  the  upper  end,  S,  and  a  neutral 
pHnt  at  the  centre,  M.  These  facts  are  demonstrated  bj  tbe  action  of 
a  small  needle,  held  in  the  band  at  tbe  three  Sii 

p  isitions,  shown  in  the  figure      It  the  esperi 
a  made  in  the  southern  hemisphere, 
the  polaritj  would  be  reversed 


798.  System  of  smjnltaneous   magnetic   obaetvations. — Tht 

distinguished  Prussian  philosopher,  Alex,  v.  Ilumboldt,  in  1836,  pro- 
posed to  the  seientifio  world  to  set  on  foot  a  series  of  connected  and 
simultaneous  observations,  to  be  made  over  as  large  a  portion  of  the 
earth's  surface  as  possible,  for  tbe  purpose  of  establishing  the  laws 
relating  to  the  magnetic  forces. 

(rraaoe  excepted),  and  many  of  the  seientifie  societies  both  in  the  old  and  ne* 

the  purpose,  and  in  huildiDgs  made  nicboot  iron,  both  oa  and  beneath  tbe  eartb'g 
Btirface.  Espeditioas  were  sent  to  the  Arctic  and  Antaiotio  circles,  to  Africa,  to 
Btuth  sad  North  Ameriia,  and  (o  tbe  Pacifla  Ocean,  while  at  numerous  statioDS 
in  India,  Russia,  Earope,  and  North  and  South  America,  bourl;  aad  sinialtH- 
neous  observations  have  been  carried  on  for  a  long  period,  and  in  many  places 
are  still  continued.  In  this  way  a  great  mnas  of  facta  has  been  accumulated, 
ftom  a  careful  comparison  of  whioh  the  laws  of  terrestrial  magnetism  already 
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799.  Ziines  of  magnetic  force.^The  illustrious  English  philoso. 
pher,  Fitradaj,  has  demon  a  tra  ted  that  all  matter  is  subject  to  imagDetio 
influeoce. 

As  the  evljence  an  nbicb  this  itnpoctant  iDductioa  rests  ia  chiefl}'  derired 
from  the  ose  of  electro-magDetiam,  il^  particniar  coDsiilerfttioB  is  more  coore- 
oiantlj  referred  to  that  aubJBct.     Hia  general  riews,  connected  with  (errestrigl 


mognot,  or  between  ita  polea  {117},  may  be  taken  as  an  Ulnstration  of  this 
assumption.     It  is   not  more  difflcnlt  to   coneeive  of  forco  existing  without 

effects  it  produces  on  certain  forcea  in  nature.     The  lines  of  magnetio  force  ub 

with  matter  of  an;  kin4,  tbey  are  ettber  cuacentrated  upon  it,  or  dispersed, 
according  to  the  nature  of  the  matter.  Thns  we  linow  that  a  suspended  needle 
is  attracted  ctriai(j  by  a  magnet,  while  a  bar  of  bismuth,  and  many  other  solid, 

held  in  a  place  at  right  angles  to  the  aiia,  or  f<).,aHH-!aUg.  Hence  all  substances 
may  bo  classified  either  as  Ihuse  irhieh,  lilie  iron,  point  axially,  and  are  called 
Parih^qnetio  sobgtaacos,  and  those  which  point  equatoriaily,  and  termed 
DiAHAQHEtic.  The  farce  irhieb  urges  bodies  to  the  asial  or  equatorial  lines  is 
not  a  oentral  force,  but  a  force  differing  in  characler  in  the  aiial  or  radial  direc- 
tions. If  ft  liquid  paramagnetio  body  were  introduced  into  the  Bold  of  force,  it 
would  dilaie  axiaily,  and  forui  a  prolule  spheroid;  while  a  liquid  diumagnetio 
body  would  dilate  oquatorialiy,  and  form  an  oblate  S46 

spheroid. 

The  diagram,  fig.  MS,  will  serve  to  render  moi 
clear  the  action  of  diamagnetio  and  paramiigneti 
substances,  upon  tbe  lines  of  magnetic  force.  Tbu 
a  dlamagnetic  subatanao,  D,  expands  the  lines  o 
force,  and  causes  them  to  open  outwards,  while  a  paiaiuii^-imtii;  oudy,  P,  lou- 
centrales  these  lines  upon  itself.  Bodies  of  the  first  class  swing  into  the  equiitor 
of  force,  or  lie  at  right  angles  to  the  lines  of  forco,  while  those  of  the  paramag- 
Qetic  class  become  axially  arranged,  parallel  to  the  lines  of  force. 

800.  Atmospheric  magoetlsm. — The  discovery,  hy  Faradaj,  of  the 
Ifiglily  paramagnetio  character  of  osjgen  gaa,  and  of  the  neutral  cha- 
racter of  nitrogen,  the  two  chief  constituents  of  the  atmosphere,  ia 
justly  esteemed  a  fact  of  great  imp<irtanee  in  studying  the  phenomena 
of  terrestrial  magnetism.  We  thus  see  two-ninths  of  the  atmosphere, 
bj  weight,  consisting  of  a  substance  of  eminent  magnetic  'Opacity, 
after  the  manner  of  iron,  and  liable  to  great  physical  changea  of  den- 
sity, temperature,  &c.,  and  entirely  independent  of  the  solid  earth.  In 
tliis  medium  hang  suspended  the  magnetic  bars,  which  ora  used  aa 
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teste,  and  thia  mi^netii;  medium  is  daily  heated  and  coaled  Lj  tlie  sun's 
rays,  and  its  power  of  iransmitting  the  lines  of  magnetic  force  is  thus 
affected,  influencing,  uuduubtetlly,  those  diurnal  changes  already  ccn- 
sidered. 

BOl.  Notions  of  tbe  otigin  of  the  earth's  magnetism.— Two 
hypotheses  have  hitherto  diyidcd  the  opinions  of  philosophers  in  ex- 
plaining the  phenomena  of  terrestrial  magnetism. 

The  older  of  these  views  (nansteeo's)  assumes  the  eiiatence  of  an  indepcn- 
Jeat  mnguEtism  in  the  «artH,  with  its  focus,  or  seat,  nenr  the  earth's  ceutre. 
This  intcmai  powor  maailcsls  itself  chiefly  at  foar  points  near  the  surface,  t»o 

getio,  and  are  knowu  as  the  magoetio  poles.  The  minor  poles  bftre  their  own 
iudependeat  axis,  and  move  around  the  principal  axis  from  west  to  east  in  Che 
western  hemisphere,  and  the  rerer^e  in  the  southein,  girinj;  origin  (o  the  well. 
known  phenomena  of  the  aaoular  variation  of  the  needle.  However  well  thia 
hypothesis  met  the  facts  of  terrestrial  magnetism  some  years  since,  the  rapid 

within  a  short  period,  has  maleriali  ;hang«d  scientific  opinion.  The  diurnal 
and  irregular  variations  in  the  magnetlo  forces,  canoot  he  explained  upon  Han- 
steea's  hypothesis,  and  especially  the  simallaneons  occurrencs  of  these  disturb- 
ances at  different  points  of  obeervation.  Nearly  alt  bodies  are  now  known  to  be 
susceptible  to  magnetic  infiuence,  while  the  maximum  and  minimQUi  magnetic 
iur^nsity  are  fonnd  [u  those  regions  of  the  globe  where  the  miuimum  and  maxi- 
mum of  superfioisl  heat  exist. 

It  is  hence  now  argued,  that  the  crust,  or  surface,  and  noc  the  interior  of  tbe 
earth,  is  the  teat  of  the  magnetic  force.  That  this  force  is  manifested  with  least 
energy  at  the  eqnator  of  magnetism,  and  with  increaaing  power  toward  tbe 
poles,  where,  as  in  an  artificial  magnet,  it  attains  its  maximum  development, 
because  there  we  Und  the  most  perfect  separation  of  the  magnetic  fluids  :  that 
the  coercitive  force  (730)  of  the  materials  of  the  earth's  surface  is  resolved  by 
the  aotar  heat,  and  that  the  depth  to  which  this  separation  oceura  is  closely  con- 
nected with  the  mean  heat  of  tbe  earth's  crust,  if  not  absolutely  dependent  upon 
it.  Axes  and  poles  have,  therefore,  in  view  of  this  bypothesis,  no  existence  in 
fact,  bat  arc  merely  convenient  mathematical  terms  for  expressing  our  ideas  of 
magnetic  phenomena  more  closely,  jaat  as  in  crystallography  we  employ  the 
same  terms  for  the  same  reasons. 

In  conformity  to  this  view,  the  manifestation  of  the  magnetic  farces  will  vary 
with  all  tbe  dinrnnl  obaoges  of  teniperatore,  giving  the  relation  of  cause  ani) 
effect  between  those  changes,  and  tbe  magnetic  perturbations.  The  annual  fluc- 
tuations in  the  mean  temperature  of  the  earth's  surface  will,  therefore,  be  repro. 
duced  in  oarrespouding  movements  in  magnetic  declination  and  dip.  Hence, 
the  magnetic  meridian,  and  the  system  of  isoelinal  and  isogonic  cnrros  ought  to 
oorrespaud  closely,  as  they  do  with  isothermal  linos,  and  the  peculiar  diatribu- 

isogones  (due,  probably,  to  imperfect  observation  a  j,  will  vanish  under  new  and 
802.  Artificial  magnets  are  pri-duced  (1.)  by  touch,  or  friction  froifl 
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(mother  magnet ;  (2.)  by  induetion ;  (3.)  by  electrical  currenis ;  and 
(4.)  by  the  solar  rays. 

The  method  by  touch  is  accomplished  by  very  various  modes  of  ma- 
nipulation, of  whioh  we  ehall  describe  only  one  or  two,  referring  the 
reader  to  larger  treatises  on  magnetism  for  fuller  details.  Since  the 
introduction  of  the  method  by  electro-magnetism,  the  old  niethiida  of 
producing  magnets  by  touch  are  far  less  important  than  formerly. 

Tlie  oironmataiicea  affeotins  *-^^  value  of  magnets,  are  uhictly 
the  nature  and  hardness  of  the  st«el,  the  form  and  proportion  of  il« 
parts,  and  the  mode  of  keeping.  The  moat  uniform  and  hne-graineJ 
cast-steel,  wrought  with  as  little  dis-  547 

turbance  of  its  particles  as  possible. 
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d  ama 

power;    bnt  if  left  ii 

n  armed 

,C  suffer-. 

material  loss      Bar 

niagnus 

aie  an   ng 

with  their  onpoiito  p 

1  5  m 

803.  Magnets  by  tonch. — Touch  one  pole  of  a  powerful  magnet 
with  one  end  of  a  sewing-needle,  or  the  point  of  a  pen-knife,  and  it 
becomes  instantly  a  magnet,  attracting  iron  filings,  and  repelling  o 
attracting  the  magneti 


Q  needle.     The  coercitive  force  has 
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been  decomposed  by  simple  touch.  If  the  magnet  is  very  powerful,  a 
near  approneh  of  the  needle  to  it  without  contact  n-Lll  develop  a  feeble 
magnetism  by  induction. 

More  pjwerfiil  magnetism  is,  however,  developed  by  drawing  tho  bar  to  be 
DW^etiied,  from  ita  centre  to  the  end,  several  times  over  one  pole  of  a  magnet, 
returning  it  each  time  through  the  air,  and  repeating  the  stroke  in  the  same 
dtreotioD,  Then  place  the  other  pole  in  tlie  middle  of  the  bar,  and  stroke  the 
opposite  end  as  befors, 

T«o  magnete  may  be  placed  together,  nith  their  dissimilar  poles  in  the  middle 
of  ths  bar,  aa  in  fig.  549,  and  then  be  moved  in  oppoaita  directions,  at  a  low 


more  powerful  and  apeedy  il  it  reata  by  its  ends  on  the  two  o] 
other  mi^neta,  aa  prai-licad  by  Conlomb  By  inspecting  the 
tbis  arrangement  will  be  quite  clear  Care  la  taken  (o  preva 
two  iDclined  bara  from  touehing,  by  plaeing  a  bit  of  dry  w 
This  is  called  ti«gh  to^ch,  and  is  to  be  explained  In  aceordan 
To  magutize  a  bar  by  means  of  the  dmtble  lourh,  two  I 
magnets  ar?/aatened  together,  with  a  wedge  of  dry  wood  bet' 


tbcii 

shoe  magnet 


oiilar  polos  i 


aquai 


srof  al 


in  then 


.right,  on  the  middle  of  the  bar,  and  ia  then  rapidly  drawn 
towaj-da  i[s  end,  taking  care  that  neither  of  its  poles  glides  over  tho  end  of  the 
bar.     The  magnet  is  thon  passed  over  the  opposite  end  . 

of  (he  bar  as  before.     The  poles  will  be  dissimilar  to 
those  of  the  touching  magnet.  ,, 

804.  HorsG-Bhoe  magnets  are  easily  mag 
netiied  by  connecting  the  open  ends  by  a  toft  iron 
keeper,  while  anotber  horse-shoe  magnet  of  the 
same  sine  is  passed  from  the  poles  to  tbi-  bend,  in 
the  direction  of  the  arrow  in  fig.  550 ,  the  pidi 
being  arranged  aa  indicated  by  the  6. 

The  easiest  mode  of  obtaii 


is  that 


t  the 


of  another 


niigrel. 


called   a  feeder,  from  it  several    timel  (^ 
along  the  bar.     This  mode  ia  ap^ilied  to  ^ 


The  dissimilar  p 
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replaced,  and  the  proiess  repealed  ;  turn  tlie  whole  over  without  separating  th« 
pples,  and  treat  the  other  side  in  like  manner. 

A  hoiae-shoB  of  one  pound  weight  may  be  thus  charged,  ao  that  it  wQl  austajn 
2a-5  pounds.  By  the  hest  method  of  touch  hefore  known,  fig.  650,  21  lbs.  9  ox. 
was  the  higheat  atbiiaabte  result.     (Peachcl.) 

805.  Magnets  by  eleotro' magnetism. — The  mode  of  producing 
oleotro-magnetio  currents  will  be  hereafter  described.  By  tbeir  means, 
powerful  magnets  of  soft  iron  are  easily  produced,  and,  from  theRe,  by 
the  methods  of  touch  just  described,  very  powerful  artificial  magnets 
may  be  made. 

I.ogemann,  of  Haarlem,  in  Holland,  haa  in  thia  way  produced  Che  most  pow- 
erful magnets  ever  made.  One  in  possession  of  the  author,  sustained  28!  lbs. ; 
its  own  weight  being  1  lb.  The  mode  of  produeing  these  powerful  magnets 
will  be  understood  from  fig.  652.  ^ 

A  spiral  of  insulated  copper  wire, 
(,  is  wound  on  apaste-board  tube, 
A  B,  in  the  manner  of  the  elec 
mE^edc  holii.    The  bar  to  be 


eylinde 


of  soft 


iron,  S  N,  just  fitting 

the  ends  of  the  spiral,  o  z,  are  oonnectcl  with  a  few  cell!  ot  Drove  b  or  Bunaen's 
battery,  and  the  powerfiil  temporary  magnetism  induced  in  the  masses  of  sett 

of  steel.     A  horse-shoe  magnet  is  charged  in  a  similar  way,  by  enoiroling  it 
analogy  of  this  mode  to  that  of  Jacob!,  in  the  last  section,  will  be  notioed. 

SfHj.  Compound  magnets  are  ma^e  of  several  plates  of  steel,  sepa,. 
rately  magnetized,  as  in  fig.  523  and  549.   As  the  coercitiTe  power  of  steel 


appears  ti 


a  aurfftoes 


there  in  an  advantage  in  multiplying  the  number 
of  plates,  but  as  each  plate  serves  to  neutralize  a 
portion  of  the  polarity  of  its  neighbor  (similar 
poles,  of  necessity,  being  brought  into  contact) 
there  is  soon  found  a  limit  beyond  which  there  is 
no  advantage  in  extending  these  batteries 

ful,  iuprororton  to 


weight,  sj 


nail  01 


.  magnet  (1  deal 
la,  and  capable  of  eusUin  ng  over 
*eight  (780  grains).     A  lode«tone 
ids  weight,  mounted  as  in  flg  5S4 


The  most  powerful  artificial  magnet  on  record  was 
that  mcide  by  Dr.  G.  Knight,  of  London,  on  1  now  in 
poisaaaion  of  he  Royal  Society.     It  conaiated  of  two  pr  smat  c  bundle 
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Df  240  poirerfnl  bar  magnets  Ave  feat  in  length,  nountod  on  nheels;  betweeL 
tba  end  plates  of  this  en mhi nation,  the  poles  of  the  moat  eDorgatin  single  m^net 
were  reversed  or  poworfiillj  reinforcod. 

SOT.  Magnetiam  of  steel  by  the  sun's  rays. — Although  the  fact 
is  doubted  by  some  eiperioientera,  Che  weight  of  testimony  appears  to 
support  the  concluaior,  that  the  sun's  viiilet  raya  possess  the  power  of 
induoing  permaoent  magnetism,  when  coucentrat«d  by  a  lens,  on  steal 
needles. 

80?.  To  deprive  a  magnet  of  its  po'wer,  it  is  only  necessary  to 
reverse  the  order  adopted  to  impart  magnetism  to  it,  stroting  it  from 
the  ends  to  the  centre  with  poles  of  the  same  name  opposed.  In  this 
way  the  mngnetie  virtue  may  be  wholly  or  very  nearly  destroyed. 

The  approach  of  a  feeble  magnet  to  a  strong  one  may  reverse  iW  polarity. 
Leaving  a  magnet  without  its  keeper  greatly  impairs  ile  ponei.  Suddenl;  jerking 
it  off  the  iieeper,  or  striking  it  with  a  hammer,  in  a  way  to  make  it  vibrate,  does 
the  same.  Heat  oceomplisbes  the  total  dtstmction  of  magnetism,  and  in  short, 
anything  which  weakens  its  coeroitive  power.  Conversely,  hanging  an  armed 
magnet  in  tho  position  it  would  assnme  if  tVee  to  obey  the  solicitation  of  the 

ment  Every  magnet  which  hii«  hem  charged  while  its  poles  are  connected  by 
a  keeper,  posseescs  more  power  befuie  the  keeper  is  removed  than  after.  It  is 
indeed  overcharged,  and  the  excess  may  bo  likened  to  that  residnal  force  which 
retains  the  keeper  of  an  electro-mag  net  in  its  place  after  the  circuit  which  excited 
it  is  broken,  or  to  the  residual  charge  of  a  Leydeo  jar.  Every  time  the  keeper 
of  a  magnet  is  moved  aaddenly,  a  loss  of  power  is  sustained,  and  hence  the 
keeper  should  be  removed  by  sliding  it  gradunllj  off  endways,  and  only  when 

I  2.  Statical  or  Frlctional  Electricity. 

809.  Definitions. — Electricity  is  the  ethereal  or  imponderable  power 
which  in  one  or  another  of  its  forms  affects  all  our  senses.  In  this 
respect  it  is  unlike  all  other  ethereal  influences.  It  appears,  as  far  as 
our  knowledge  goes,  to  extend  throughout  nature,  and  is  probably  con- 
nected inseparably  with  matter  in  every  form.  Bodies  in  their  natural 
etate  give  no  evidenco  of  its  presence,  but  by  different  means  it  may 
be  evoked  from  all.  Hence  slatkal  ekctrieity  implies  that  condition  of 
this  subtle  ether  existing  in  all  bodies  in  a  state  of  etecirual  piiescente 
Statical  electricity  is  the  opposite  of  that  state  of  excitement  following 
friction,  chemical  action,  &c ,  which  is  called  dynamic  elecUii.dy,  or 
electricity  in  motion. 

An  arbitrary  meaning  has,  however  attached  itoelf  to  the  terms 
Btatieal  and  dynamical  olectricity  matenallr  diSlrent  from  the  exact 
meaning  of  those  terms  as  used  in  methinits  Slatual  or  inctional 
electricity  means  only  that  form  if  elei-truil  en-itement  prjduced  by 
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friction,  while  dynamical  electricity  ia  a  teem  oonSned  to  the  electrical 
eicitement  produced  by  chemical  action,  or  Voltaic  electricity.  Strictly 
speaking,  all  quiescent  electricity  is  static,  and  all  electricity  in  motion, 
from  whatever  source,  ia  dynamic.  Such,  however,  is  not  the  established 
use  of  these  t«i-ms. 

EUciricity  is  a  term  derived  from  the  Greek  word  fur  amber  (i^ksx-rpo-j). 

810.  The  chief  sources  of  electrical  excitement  are; — 1st. 
Fiiclicn  of  dry  substances,  as  of  glass,  by  cat's  fur  or  silk,  and  of 
sulphur  or  resin  by  flannel :  this  is  ordinary  or  statical  electricity  ;  that 
of  the  atmosphere  and  of  sommon  electrical  machines ;  2d,  Chemical 
aelian,  or  the  contact  of  dissimilar  substances,  under  circumstances 
fiivorable  to  chemical  change  ;  3d,  Magnetism,  producing  magQeto- 
electrioity;  4th,  Heat,  or  thermo-electricity;  5th,  Animal-electricity, 

The  eleotrlcit;  from  all  these  several  mode:  of  e^ioitemeut  differs  ia  degree 
nod  intensity,  nocordiDg  to  its  source,  bnt  not  in  kind,  and  eneh  may,  ia  turn, 
be  (aoae  or  cffoot.     Eacb  will  be  the  subject  of  separate  eoneiderotion. 

811.  Electrical  eHecta.— A  dry  and  warm  glass  rod,  rubbed  with 
a  oat's  fur  or  silk  handkerchief,  is  esoited  in  such  a  manner  as  to 
attract  to  itself  bits  of  paper,  shreds  of  silk  or  cotton,  metallic  leaf, 
pith,  feathers,  and  a  variety  of  light  substances,  holding  them  for  an 
instant,  and  then  repelling  (hem  again,  to  the  table  or  support,  a: 
fig.  554. 

In  the  dark,  a  feeble  blii'sh  light  is  seen  in  the  path 
of  the  rubber.  If  the  excited  glass  ia  presented  to 
knuckle,  or  to  a  metallic  body,  a  bright  purple  spark 
will  dart  off  from  the  glass,  with  crackling  sound,  to 
the  object  presented.  Brought  near  to  the  face,  a  creeping  sensation 
is  felt,  as  if  a  delicate  cobweb  was  in  contact  with  the  skin.  These 
effects  are  produced  by  the  rubber,  as  well  as  by  the  body  rubbed,  and 
may  be  evolved  from  a  number  of  substances  as  well  as  from  glass.  A 
peculiar  odor  always  accompanies  electrical  excitement,  thus  completing 
the  list  of  the  effects  of  this  subtle  agent  on  our  senses,  if  we  add  the 
taste  from  voltaic  electricity. 

transient. 

These  yerj  simple  experiments,  wbieh  can  bo  repeated  anywhere  and  with  tie 
iimplest  means,  contain  tbe  germ  of  electrical  science. 

812.  Attraction  and  repulsion. — In  the  electrical  pendulum,  fig. 
655,  the  pith-ball  is  first  attracted  to  the  excited  glass  or  resin,  and  at 
the  next  instant  is  repelled,  until,  by  touching  som 
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wi(h  the  eirth   oi 

The  tw'}  1  all'<  m 

excited    mutually  repel  each     ther 

because   they  are  similarlv  eaoit  d 

The  light  bodies  in  fig  554  ostillate 

between  the  table  and  the  rod   first 

by   attraction     and   then   by   repul 

Bion     when   losing  their  exi,itement 

by  contatt  with  the  table  they  are 

agiin  attracted  aod  bo  536 

on.    Sowith  theballsin 

fig.  556.     We  reoogDise 

in  these  simple  esperi- 

ments  the  similarity  be- 

tween  these  actions  and 

the    law    of    magnetic 

attractions  and  repulsions.   Bodies  similarly  excited  repel,  and  those  which 

are  of  unlike  exeilemenf  attract  each  other. 

The  phanomona  of  attraction  and  repniaion  are  not  however  ao  timpla  as 
might  at  first  appear,  ainoe  for  their  correct  explanation  a  knowledge  of  the 
plieaomenaof  iniiuefiDX  is  requited,  and  these  remain  to  te  eiplained  flirtheron. 

813.  Vitreous  and  reainoos,  or  positive  and  negative  electii- 
cities. — The  species  of  electrical  excitement  depends  upon  the  kind 
of  material  which  is  subjected  to  friction.  If  the  pith-balls,  fig.  556, 
are  repelled  by  the  excitement  from  giass  rubbed  by  silk,  they  will  be 
attracted  by  a  stick  of  was,  gum  lac,  or  sulphur  rubbed  by  fiannel ;  or 

This  difference  of  action  is  due  to  an  inherent  diflereooe  in  the  two 
substances,  and  the  kind  of  electrical  eKcitement  which  the  two  respec- 
tively produce,  is  entirely  opposite  and  antagonistic  each  to  the  other. 
The  one  is  vitremia  or  positive,  the  other  reainoua  or  negative.  This 
fundamental  distinction  in  the  kind  of  escitement  produced  by  frictjon 
in  various  substances,  was  first  recognised  by  the  French  philosopher, 
Du  Fay,  in  1733,  and  was  re-discovered  bj  Franklin  in  1747.  Glass 
and  resin  are  but  types  of  two  large  classes  of  substances,  which  pos- 
sess more  or  less  perfectly  this  oharaoteristic  difference  in  respect  to  the 
sort  of  electricity  which  they  are  capable  of  developing. 

Electioacopes  serve  to  distinguish  the  two  sorts  of  electrical  esoite- 
ment  from  each  other.  The  pith-balls,  fig.  556,  form  a  convenient 
eleotnisoope— two  silk  ribbons,  or  the  eleotrical  pendulum,  fig,  555, 
answer  the  same  purpose.  Much  more  delicate  instruments  of  this 
kind  will  be  described  shortly. 
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It  is  only  requisite  to  eidte  tta  balls,  fig.  fiafl,  witli  known  vitreous  or  cesmoui 
electrioitjr,  vilien  the  approach  of  any  excited  body  whose  electrical  state  is  un- 
known, will,  if  of  the  same  kind,  cause  a  farther  repulsion,  and  if  of  a  diflerent 
aort,  will  occasion  an  attraeUon  of  the  balls. 

814.  Conductors  of  electricity. — Bodies  electrically  eacited  part 
■with  thoir  oioitement  variouely, — some  instantly,  others  very  slowly, — 
depending  both  on  the  nature  of  the  substance  excited,  and  of  thosn 
with  which  it  is  brought  in  contact.  The  pith-balls  of  the  eleotroscopH 
lose  their  excitement  very  slowly,  the  electricity  being  removed  only 
by  the  surrounding  air.  Touched  by  the  finger,  or  a  metallio  body  in 
oonoection  witi  the  earth,  they  are  instantly  discharged,  and  retui'n  to 
their  natural  unexcitod  condition.  The  electricity  is  removed  by  cob- 
duction  over  the  touching  body.  And  as  bodies  vary  very  much  in 
their  power  to  conduct  electricity,  they  are  called  good  and  had  condae- 
tors,  or  conductors  and  non-conductors. 

O-ood  conductors  propagate  the  excitement  to  all  parta  of  their 
surface,  and  when  in  connection  with  the  earth,  part  with  it  as  quickly 

The  following  are  among  the  good  conducting  bodies,  plneed  in  tlifl 
order  of  their  conducting  power.  The  metals,  as  a  class  (silver  and 
copper  standing  first,  and  lead  and  quicksilver  last),  well-burnt  char- 
coal, plumbago,  coke,  hard  anthracite,  acids,  saline  solutions,  numerous 
fluids,  metallic  ores,  sea,  spring,  and  rain  water,  ice  above  13°  F., 
snow,  living  things,  flame,  smoke,  vacuum,  vapor  of  alcohol  and  ether, 
earths  and  moist  rocks,  powdered  glass,  and  flowers  of  sulphur. 

Bad  oontluotorB  receive  and  part  with  electricity  very  slowly.  If 
touched  by  an  electrified  body,  they  receive  escitement  only  at  the 
point  touched  ;  or  if,  when  excited  over  their  whole  surface,  they  are 
touched  by  a  good  conductor,  the  excitement  is  removed  only  from  the 
part  touched.     They  retain  free  electricity  for  a  long  time,  and  obstruct 

InBUlation. — Good  conductors  are  capable  of  manifesting  electrical 
sxclleinent  only  when  their  communication  with  the  earth  is  out  off  by 
some  bad  conductor.    So  situated,  they  are  said  to  be  insulated,  and  the 
poor  conductors  used  for  this  pur- 
pose (glass,  resin,  or  dry  wood),  are 

called  inavialora.     Pig.  557  shows    ,-•  — „    i^   ^w^^S^^ 

a  brass  tube  thus  insulated  by  a 

handle  of  glass.  Among  the  chief  insulating  bodies  are  the  following, 
nlaced  in  the  reverse  order  of  their  insulating  power,  viz. ;  dry  metallin 
flxyds,  oils,  ashes  ice  below  13°  F.,  many  crystalline  bodies,  lime  and 
chalk,  lycopodium,  native  oaoutchouc,  camphor,  porcelain,  dry  vegeta- 
bles, baked  wood,  dry  air,  and  gases,  steam  above  212°,  leathe'-,  pariih- 
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iiitint,  paper,  hair,  dyed  silk,  white  silk,  dinmoad  and  precious  gtoncs, 
mica,  glass,  jet,  war,  sulphur,  the  resins,  omber,  gum  lao.  Gutta  per- 
cha,  and  whaleboue  rubber,  are  among  the  best  insulators  knoirn  ; 
probably  better  than  gum  lao. 

Some  bodies  nbii-b,  nhea  EoliiJ,  nro  aon-FoniiliiceorG,  b?(!ome  coDduefor!  when 
liquofled  by  fusion,  vi*.;  melatlie  chloride,  Rioaa,  »aj,  sulphur,  resin,  Ac.  Ileal 
diminisbea  th«  electric  coaductlug  ponei  of  metaiU.  Length  of  eondactor 
tetarda  electrical  motion,  irbile  an  increase  in  otber  dimeoeions  favors  tbe 
rapid  transmission  of  electricitj.  Every  body  bas  a  cellaia  eleclricnl  relnr<i!ng 
p..«.<T  (813),  which  is  inverse  to  its  oonduiMing  power.  Tables  of  electrical 
conducting  powers  will  be  found  in  lorgcr  works  ;  but,  in  general,  this  power  is 
vcrj  nearly  the  same  as  any  given  body  has  for  conducting  heal, 

813.  The  eattb  la  the  great  common  reservoir  or  receptacle  into 
which  all  electrical  excitements  are  returned,  and,  regarded  aa  awhole, 
is  a  good  conductor.  The  air,  even  in  its  ordinary  condition,  is  a  very 
poor  conductor,  and,  in  view  of  its  immense  extent,  is  by  far  the  mosl 
important  of  non-eon ductors.  It  seryes  to  insulate  tbe  earth  in  a  non- 
conducting envelope,  more  or  less  perfect,  in  proportion  to  its  density, 
and  the  absence  of  aqueous  vapor.  E  pt  f  th  p  p  ty  f  th 
alt  electrical  phenomena  would  have  d  bl        d      k     w 

to  us.     The  earth  is  always  negatively         t  d 

In  a  vacuum,  all  electrified  bodie      pe  d  ly  1        th  t  m     t, 

while  in  dry,  dense  air,  they  retain       1     g    t      N        th  1  1  ght 

electrical  excitement  can  be  produced  m  ly  f     t 

816.  Theories  of  electricity,  or  I  II  hypoth  — Ph  1 
phers  generally  agree  in  attributing  th     ph       m  fit        y  to 

the  esistence  of  an  assumed  deelricalji  d  Ih  pp  d  fl  d  so 
subtle  and  ethereal  as  to  escape  detei^t        by    II  th  d  t      e- 

cognise  matter  being  imponderable  dm  f  t  g  t  If  ly  by  t 
effects      It  IS  assumed  t*j  pervade  all  d  t  t  t         f 

Lombinationor  electrn,al  quie^oeme         11  b  d  th  t  ral   t  t 

This  quie'i-enco  is  disturbed  by  friL-tion,  and  various  pbyaiLal  and 
chemical  causes  All  etectricat  phenomena  are  supposed  to  be  due  to 
the  efforts  of  the  electrical  fluid  to  regain  its  previous  condition  of 
static  equilibrium  Two  prinoipU  hypotheses  have  been  devised  to 
explain  the  phenomena  of  elettntity,  namely:  1st,  that  of  Franklin 
and  ,^1  raus     2d   that  of  Symnier   sometimes  attributed  to  Du  Fay. 

Franklin  s  ainglB  fluid  hypothesis  is  recommended  by  its  sira- 
[liieity,  and  was,  for  a  long  time,  the  view  generally  adopted,  both  iu 
England  and  America.  It  assumes  a  single  electrical  fluid,  whose  par* 
tides  are  self-repellent,  but  attracted  by  matter  of  all  kinds,  combining 
therewith,  and  when  so  combined,  losing  this  self-repellent  tendency. 
This  fluid  is  present  in  all  bodies,  but  in  varying  proportion,  each  sub- 
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itanoe  possessing  a  certain  capacity  of  saturation  peculiar  to  itself. 
In  its  natural  state,  every  substance  has  exactly  its  own  quantilj  of  the 
oloetric  fluid,  and  ia  consequently  in  a  state  of  electrical  indifference. 
If  any  cauEe  of  electrical  sxcitement  exists,  this  state  of  quiescence  ^ 
disturbed,  and  the  body  becomes  negatively  electrical,  if  its  natural 
charge  is  diminished,  aadi  poaitivdy,  if  it  ia  in  excess.  By  this  hypoth 
esis,  bodies  become  electrical  either  by  addition  to,  subtraction  from, 
or  disturbance  in  the  equal  distribution  of,  the  normal  quantity  of  the 
electric  fluid  proper  to  them.  In  those  bodies  which  manifest  poaitive 
eieotrioity,  the  equilibrium  is  rcatored  by  parting  with  the  excess,  and 
3  negative,  by  receiving  from  surrounding 
:fieiency. 

This  hypotheslB  nill  bo  recogniisod  as  atrikinglj  like  that  oomnionly  raoeivad 
In  eipianation  of  the  equilibrium  of  heat. 

iEpinns  fouud,  that,  in  order  to  account  mathematieanr  for  the  mntaal  repui- 
ilon  of  tiro  negatively  etectrtfled  bodies  on  the  single-Quid  bjputheeie,  It  nas 
necessary  to  assume  that  the  particles  of  mattor  were  mutually  repulaivo  inalead 
of  nttraetive,  according  to  the  NewtoDian  law  of  uriveraal  attraction.  This 
reductio  ad  abaurdsm  has  led  to  the  almost  universal  rejection  of  the  Franklin- 

The  li7potIiesU  of  Symmer,  or  Du  Fay,  assumes  the  existence 
of  two  fluids,  extremely  tcnuoua,  imponderable,  in  the  highest  degree 
expansive,  mutually  repellent  (as  a  consequence  of  this  expansive 
nature),  and  yet  possessing  a  strong  mutual  attraction  when  not  opposed 
by  any  obstacle.  They  therefore  combine,  when  favorably  situated  so 
to  do ;  and  when  equally  combined,  their  expansive  and  repellent  forces 
are  neutralized,  and  electrical  quiescence  results.  Each  of  these  kinds 
of  electricity  may  exist  separately ;  they  are  then  in  a  state  of  antago- 
nism, and  exhibit  polarity,  and  other  electrical  effects.  Every  sub- 
slance  becomes  thus  excited  whenever  any  part  of  its  natural  electricity 
is  decomposed  by  friction  or  otherwise.  If  a  plate,  it  may  possess  the 
two  electricities  on  its  opposite  sides,  one  being  vitreous,  and  the  other 
resinous ;  if  a  rod,  the  decomposition  of  a  part  of  its  natural  electricity 
will  make  the  rod  vitreous  at  one  end  and  resinous  at  the  other.  When 
the  cause  of  excitement  ceases,  the  two  fluids  reunite,  and  quiescence  is 
restored.  By  this  hypothesis,  all  electrical  phenomena  arise  from  the 
tendency  of  (he  two  fluids  when  separated  to  reunite  and  neutralize 
each  other. 
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■epatate  mauifeststioDs  are  but  functions  of  tbe  otheresl  medium  vhicb  fllli  the 
nniveTse,  and  IVom  vhose  cotrelations  to  tbe  particles  of  matter,  all  ph;eical 
phenomeott  proceed.     Compare  |J  766-772. 

817.  Electrical  tension.— -This  term  ia  employed  to  express  that 
nondition  of  bodies  in  which  the  electricity  is  free-~a  condition  the 
reverse  of  electrical  quiescence.  This  condition  is  well  illustrated  in 
the  phenomena  of  the  Leyden  jar,  ?  847,  where  there  is  perfect  equi- 
librium between  the  excitement  of  the  outer  and  inner  surfaces,  due  to 
their  antagonism.  The  energy  with  which  the  decomposed  electricities 
reunite,  when  communication  is  made  between  them,  shows  the  stat« 
of  tension  in  which  tl  y  e\  ted  This  may  be  regarded  as  analogous 
to  the  tension  of  a  Ijent  p  ng  n  which  equilibrium  is  regained  by  a 
reaotion  equal  to  th  p  n^  f  rce.  Electrical  tension  is  a  condi- 
tion of  constrained  ^  1  b  un  and  when  the  free  eiectricities  to  which 
it  is  due,  reunite,  alt  al  CKrreni  is  produced  from  the  reaction  of 
the  opposing  9uid  anal  gone  t  m  chanical  motion  from  the  recoil  of 
a  spring.  From  th  tate  f  le  t  oal  tension  ai'e  derived  theyrimary 
effects  of  electricity,  and  from  electrical  currents  arise  its  $eco7idary 
effects.  All  electrified  bodies  manifest  electrical  tension ;  they  attract 
other  bodies,  decomposing  their  natural  electricity,  deriving  from  them 
a  portion  of  the  opposite  fluid.  If  this  is  insufficient  to  satisfy  the 
antagonism  of  the  excited  electric,  the  attracted  bodies  are  next  re- 
pelled (812).  Hence,  two  bodies  equally  eicited,  but  of  opposite  names, 
attract  each  other,  and  reunion  of  the  two  fluids  with  electrical  indiffer- 
ence results.  If  one  contained  an  excess  of  either  fluid,  both  remain 
excited  after  contact,  with  that  description  of  electricity  which  was  in 
excess ;  the  excess  being  divided  in  the  ratio  of  their  surfaces. 

Ulectrical  currents  are  either  momentary  or  permanent. — The 
first  occur  when  contact  is  formed  between  substances  oppositely  ex- 
cited by  friction  or  otherwise,  and  their  effects  are  instantaneous  and 
transient. 

Permanent  electric  currents  arise  only  from  the  sustained  action  of 
some  continuous  cause ;  as,  from  the  continued  motion  of  the  electrical 
machine,  or,  more  simply,  from  the  chemical  action  of  unlike  substances, 
as  in  the  voltaic  battery,  in  which  the  electrical  current  is  kept  up  as 
long  as  any  chemical  action  exists. 

818.  Path  and  velocity  of  electric  curreota. — If  scleral  con- 
ducting paths  are  open  to  an  electric  current,  it  will  always  choose  the 
shortest,  and  that  in  which  it  meets  the  least  resistance.  If  the  cur- 
rent is  powerful,  and  the  conductor  inadequately  small,  its  passage  will 
be  marked  by  light,  and  perhaps  by  the  combustion  and  deflagration 
of  the  conductor.     The  velocity  of  static  electricity,  by  Whealetone'H 
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i  found  to  be  288,000  niilea  ii 


638 


experiments,  over  a  copper  i 

BBcond— nearly  half  again  more  than  the  relooitj  of  light  {§  404). 

It  nppcara  from  Dr.  Gonld'a  diaoussion  (Am.  Jour.  Scl.  [2]  XI.,  IBl),  of  the 
T«ry  Dumeroas  telegraiphie  observations  in  tlie  tTniCed  Statea,  made  under  the 
direction  of  Prof  Bexhe,  for  the  Coaat  Survey,  and  by  other  astronomers,  that 
the  velocity  of  a  yoltalc  current,  when  the  earth  forma  part  of  the  eircuit,  does 
not  exceed  16,000  miles  per  Bceond,  and  it  has  been  meaaured  as  low  aa  11 ,000 
miles  per  second  ;  showing  a  great  retarding  force  in  a  oonduotor  of  1500  miloa 
circuit.      In  the  famoua  Atlantic  cable,  the  eleetrical  retardation  was   much 

n.    LAW 


819.  Coulomb's  laws. — Coulomb  (died  1806),  a  dietinguLsbed 
French  physicist,  by  the  use  of  the  torsion  balance,  first  demonstrated 
the  following  laws  of  eleetrical  attractions  and  repulsions; — 

1st,  Two  excited  bodies  attract  and  repel  each  other  loith  a  force  propor- 
tional to  the  inverse  square  of  their  distances  from  each  other, 

2d.  The  distances  remaining  the  same,  the  attractions  and  repulsions 
are  directly  as  the  quantities  of  electricity  possessed  hy  the  two  bodies. 

Coulomb's  laws  of  torsion  have  already  been  demonstrated  (266). 
He  happilv  applied  these  principles,  first  established  by  himself,  to  the 
measurement  of  electric  fori.e''  m  hii  tor  &5S 

Eton  eleotn.  meter 

820     Torsion    electrometer  — ibis 


;    55&    . 


»  of  1 


tenor  glass  cage  protecting  a  slenier 
needle  no  of  gum  lao  suspended  ij 
a  fine  wire  of  sihor  ir  platinum  cen- 
trlUy  attiohed  t)  the  under  aide  of  the 
cap  e  upon  the  tube  i 
Th  s  cap  V!  graduated,  i 


mall  T 


■ight,  0 


keeps  the  wire  tense,  while  tbr 
gum  lac  needle  paasea.  At  one  end  of  the 
needle,  «,  is  a  small  gilded  ball  of  pith,  or  a 
disk  of  tinsel  paper.  The  cover  of  the  glass 
case  is  perforated  for  the  free  passage  of  a 
glass  inaulating  rod,  i",  carrying  a  polished 
brass  ball  at  „..  The  glass  cage  ia  graduated 
in  a  lone  at  C,  into  360  degrees,  to  measure 
,ces  traveraed  by  the  needle. 


TbC) 


and  of  tt 


Bpond  (by  reyolving  the  tnbe,  d,)  with  the  normal  position  of  the  needle  when 
■t  rest,  and  unexoited.  To  avoid  tbe  loaa  of  electricity,  the  air  in  the  cage  ia 
kept  dry  by  a  little  quick-lime,  placed  in  a  dish  for  that  purpose,  on  the  bottom. 
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821.  DemonsUatlon  of  the  first  laiw. — The  apparntuB  beinp  thus 
arrangod,  the  Insulated  rod,  i,  Is  withdrawn,  and  the  ball,  m,  placd  in 
contact  with  some  excited  aurfiiee — as  the  electrical  machine.  Xlins 
excited,  m  ia  immediatelj  returned  to  its  place  by  the  inaulating  handle, 
taking  eare  that  it  touches  nothing.  Forthwith  the  disk,  n,  is  attracted 
to  m,  is  oppositely  electrified,  and  then  repelled  with  a  force  propor- 
tioned to  the  intensity  of  m.  After  a  few  oscillations,  n  comes  to  rest 
eay  at  30  degrees  on  the  graduated  circle.  This  angle  then  represents 
the  repellent  force  of  the  electricity  on  m,  since  the  torsion  of  a  wire 
is  directly  as  the  twisting  force.  But  what  would  be  the  force  roqui- 
site  to  hold  the  disk,  n,  in  equilibrium  at  half  this  angular  distance,  or 
15"?  Ravolring  the  movable  circle,  e,  in  the  direction  of  the  arrow, 
we  find  it  is  necessary  to  carry  it  from  0  to  105°,  in  order  that  the 
needle  may  point  to  15",  The  wire  is  then  twisted  at  top  with,  a  force 
of  105°,  and  «t  bottom  with  a  force  of  15°,  giving  120°  as  the  angle 
representing  the  force  with  which  the  two  electrified  bodies  repel  each 
other,  at  the  distance  of  16° — or,  at  half  the  distance,  we  have  quad- 
ruple the  force ;  at  one-third  the  distance,  or  71°,  the  force  would  be 
472°-5  +  7'''5  ^  480°,  according  to  the  law  of  inverse  squares. 

In  like  manner,  reversing  the  electricities,  we  prove  tliat  tlie  force 
with  which  two  electrified  bodies  attract  ea  I       I        '     '  ly  p  o- 

portional  to  the  square  of  the  distance  by  wh    h  th  y  p      t  d 

822.  Demon&tiation  of  the  second  lair  — 11        g      p  II  d  th 
needle,  «  o,  by  the  excited  ball,  m,  withdraw  th    I  tt  d  t      h   t  to 
a  second  metallic  hall  of  the  same  size,  ins  1  t  d             gl        h     dl 
The  ball,  m.  parte  with  half  its  electricity  t.   th              i  I   II  (827) 
Now  return  it  to  the  torsion  balance ;  it  will  h    f       d  th  t  th  dl 

n  0,  is  repelled  to  a  distance  equal  to  ita  form      d  t  1   pi    d  by 

the  square  root  of  one-half,  B'  =  D\/^.    To     h  t     I  d 

hall,  as  before,  and  it  will  then  repel  the  neodl    t  d    t  q     1 1   t! 

first  distance  multiplied  bjheqae            fn  u  i)=B|J 

Sir  'Wm.   B.  Harris,        Egdbh  ab6  m 

which  substitutes  the  forea       g  ha  d   has    h  nn    b        h 

two  laws  of  Conlnmfa  ura  no  ao  u  uu  h      n  ihA 

have  the  same  eise  and  form        un  ii  n  h       pp        g  p 

equid.   Tlie  result  of  his  detenu    a  linbaiu  drep 

tioual  to  the  cumber  of  points  immediat«l;  opposed  to  eiich  other,  and  luverself 
to  the  square  of  their  respootive  distances. 

823.  Proof-plane. — For  the  purpose  of  determining  the  relative 
quantities  of  electricity  that  are  found  on  the  dlfTerent  parts  of  the  sur- 
face ot  ^Q  electrified  conductor,  a  contrivance  called  a  proof-plane  is 
used.   It  is  nothing  but  a  a  nail  disk  of  tjnsel,  'r  metal,  insulated,  as  in 
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the  ball,  m,  of  the  torsion  balance,  fig.  558.  This  is  touched  to  the 
surface  whose  electricity  is  to  be  examined,  and  receives  therefrom  9 
quantity  of  electricity  equal  to  the  sum  of  both  of  its  own  surfaces.  It 
may  then  be  inserted  in  the  balance  of  torsion,  or  used  on  any  other 
electroscope.  The  electricity  on  the  body  toncbed  is  diminished  to  the 
same  eitent,  but  when  the  proof-plane  is  email,  compared  with  the  area 
of  the  excited  conductor,  no  sensible  error  can  arise  from  this  loss. 
The  most  important  source  of  error  to  be  guarded  against  in  the  use 
of  this  instrument,  arises  from  the  effects  of  induction,  presently  to  be 

82i.  Bleotticity  resides  only  on  the  outer  siufacea  of  excited 
bodies,  and  not  in  their  substance  or  on  thtir  interior  lurfn  ea  Ihia 
fact  is  attributed  in  part  to  the  repulsive  power  ot  the  eleutriu  fluid 
acting  upon  the  particles  of  matter  interiorly  thus  driving  the  excite- 
ment to  the  outer  surface,  where  it  meets  the  non-oondui,ting  air  and 
is  arrested.  It  is  also  due  to  the  inductive  influence  of  the  electricity 
of  surrounding  bodies,  and  of  the  wails  of  the  room  Ihe  following 
experiments  will  illustrate  this  law  59 


A.  Electrify  the  metal   sphere,  a,  fij,    559 

on  an 

/^^\ 

fV- 

insulating  stand,  i,  and  approacli  to  it  tiie  two  t 

.ollow  ^ 

4  %jj 

f— 

accu 

^  Y 

/ 

rately  to  cover  the  aphere.    On  n moving  them 

1 

be  found  without  the  least  trace  of  elef  tneal  e 

J' 

ment,  as  may  be  proved  by  a  dclicals  electro 

BLope 

-m,&^ 

while  the  tno  hemispheTea  are  fullj  excited      T 

the  envctcpii 

ig  hemt 

spheres  ia  to  remove  the  surface  of  the  n  here 

j6II 

and  with  them  its  electricity. 

B.  Fig.  660  shows  an  insulated  hollow  sphere 

i^ 

with  a  tola  in  the  top.     When  this  1-  clectri 

J^^ 

ficd,  the  proof-plane  may  be  introduced  bv  Iha 

arv 

opening,  and  placed  in  contact  with  Its  inner 

y^ 

^  \ 

surface,    without    aoqniring    any    escitement 

m' 

1^    ^ 

(provided  care  be  taken  to  avoid  the  indming 

m.- 

M 

effect  of  the  edge'  of  the  opening,  winh  may 

Wi 

HT 

otherwise  detorapose  the  neutral  electricity  of 

^m 

w^ 

the  gum  lai-  handle),  while  from  contact  witll 

1 

r 

any  point  of  the  outside    the  proof  plane  ac- 

C    Faraday  has  described  a  muelin  bag  in 

Ihe  form  of  a  net,  fig    561,  sustained  on  aa 

msnlaled  rmg  of  wire,  and  provided  at   the 

point  of   the    cone   with   two   insulated   sdk 

strings,  cc',  sa  that  it  may  be  turned  made 

out  at  pleasnra,  without  touching  il      When 

^te 

insida  out  by  means  of  the  strings  withtnt  1 

^m 
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Fig    S62    shons    b,  nb 
metallic  paper  wound  amnnci  a 
metallio   aiis,  m^ulnted   b;   tbe 
Bilk  tbrej,d3  rr,  tno  fith  ballr, 

(breads,  at  one  end  of  Ibe  nb 
bon      Whan  Ibe  ribbon  iB  wound  | 
up,  and  tbe  wbole  n  elecli 
tbe  balls  of  tbe  eleetroseopi 
verge  powerfully.    If  the  ri 

insulating  string  below,  the  eleetro!.;opc  bails  graduollj  ftill,  and  finally  ouniB 
aimost  in  contaot ;  but  nben  the  ribbon  is  agDiu  wound  np,  the  bulls  diverge  ag 
before.  This  may  be  [epented  sereral  dmes.  This  beautifully  illuBtralcs  the 
relation  of  surface  tiia  intensity.  As  the  surface  is  increased,  tbe  Game  quan- 
tity of  electricity  is  spread  out  over  a  larger  surface,  and  its  energy  declines,  bnt 
is  iocreaseii  again  as  tbe  surfoce  is  diminished  by  re-wlnding  the  ribbon. 

D.  It  appears  from  these  experiments  that  a  ball  of  irood  or  pith,  covered  with 
tin  foil  or  gold  leaf,  can  accomDlate  on  its  surface  as  much  electricity  as  if  it  was 
of  solid  metal. 

It  IB  thus  proved  that  all  the  elect  c'ty  w'th  wh'eh  i  condu  t'ng 
body  is  charged,  is  disposed  on  its  surf    e 

825.  Diatribation  of  electricity.— f  he  f  rn  of  eoni  ct<  rs  nflu 
ences  the  diatribution  of  eleotricitj  on  tl  e  r  su  face  In  a  bj  I  ere  the 
distribution  is  uniform,  as  would  be  ant  pated  fr  the  ka  wn  p  o 
perlies  of  the  solid.  The  proof-plane,  appl  ed  to  any  part  of  an  exc  ted 
sphere,  acquires,  aa  tested  by  the  balan  e  563 

the  Bame  power.  In  an  ellipsoid  of  revo- 
lution, like  flg.  563,  the  proof-plane  ap- 
plied at  a,  gives  a,  much  larger  angle  of 
torsion  in  the  balance  than  at  any  other 
point,  while  the  minimum  is  in  tbe  vicinity 
of  e  I  showing  a  tendency  in  electrical  ci- 
citement  to  accumulate  about  the  e 
ties  of  any  solid  having  unequal  a 

In  cylinders,  the  coDcentration  of  force  is  within  about  two  incbcs  from  eacb 

about  an  inch  from  the  edge.  The  same  is  true  of  tbe  edges  and  eilid  angles 
of  priamatio  bodies. 

826.  The  power  of  points  (first  investigated  by  Franklin)  in  con- 
centrating electricity  is  such  that  the  excitement  paBses  off,  as  rapidly 
as  it  accumulates,  to  the  nearest  bodies,  or  is  diffused  into  tbe  ambient 
air  in  an  electrica  brush  or  rencil,  visible  in  the  dark  (842  (6)  ).   This 
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fact  follows  as  a  coosequence  of  the  tendency  of  electricity  tc 
late  at  the  smaller  end  ot  an  ellipsoid.  The  ellipsoid  may  be  so  elon- 
fjaUid  that  the  electricity  escapes — it  then  becomes  a  bluat  point.  These 
facts  are  of  the  greatest  importanoe  in  the  construction  of  electrical 

827.  The  loss  at  electricitj  in  excited  bodies,  even  when  insu- 
lated in  the  best  manner,  is  constant,  chiefly  from  two  causes,  yiz. :  1st, 
tlie  moisture  of  the  air ;  and  2d,  the  imperfection  of  the  insulation. 
The  loss  from  the  first  cause,  in  still  air  of  average  dryness,  is  propor- 
tioned to  the  state  of  electrical  tension.  Bodies  feebly  excited,  and  per- 
fectly well  insulated  in  dry  air,  retain  their  state  of  tension  for  weeks 
or  months,  iirhile  those  highly  excited,  and  not  carefully  preserved,  are 
soon  deprived  of  all  electrical  excitement.  The  rate  of  loss  by  imper- 
fect conduction  is,  of  course,  dependent  on  the  non-conducting  material 
used,  the  perfection  of  workmanship,  and  care  of  the  apparatus. 

The  loss  of  electricity  by  an  excited  conductor,  when  placed  in  con- 
tact with  an  unexcited  body,  insulaied  from  the  earth,  is  in  proportion 
to  the  relative  surfaces  of  the  two  bodies.  One  gains,  the  other  loses. 
Two  equal  spheres  will  divide  the  whole  quantitj  between  them.  If 
they  remain  in  conlact,  the  distribution  is  unequal,  being  least  at  the 
point  of  contact,  and  increasing  to  a  masimum  at  20°  to  30°  from  the 
point  of  contact.   The  proof-plane  determines  exactly  all  such  questions. 

In  a,  vacuum,  a.  high  atato  of  electrical  tension  is  impossible,  Eince  the  re- 
straining puwer  of  the  air  is  wanting.  But  a  feeble  tenaba  can  be  preserved  ia 
an  eihoueted  receiver  for  a  long  time.  The  movement  of  the  mercury  against 
the  wbUs  of  the  tube  of  a  barometer,  excites  electrical  tension,  and  even  lumi- 

828.  Electrical  iuflnence  or  induction. — Every  electrified  body 
ia  surrounded,  so  to  speak,  by  an  atmosphere  of  influence,  analogous  to 
that  surrounding  a  magnet  (783),  within  which  every  insulated  con- 
ductor becomes  also  excited.  Bodies  so  afTected  are  said  to  be  electrified 
by  induclion,  having  their  neutral  electricity  decomposed  by  the  tension 
of  the  eaoited  conductor,  exercised  through  the  intervening  air. 

Let  the  conductor,  V,  fig.  5fi4,  of  an  electrical  machine,  be  approached  within 
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eimducHng  surface),  the  electroseopeB  will  presently  eaase  to  indicate  any  ei. 
oitcment.  The  osplanation  "f  these  facts  is,  that  the  neutral  fluid  of  A  B  has 
been  deeomposed  by  ihe  influence  of  V,  tbo  +  fluid  being  repelled  to  B,  and  the 
—  attracted  lo  A,  while,  near  the  centre  (nev«r  exactly  in  the  centre),  a  neutrul 
point  is  fonnd,  where  no  deoompoBition  eiists.  When  V,  the  diamrbing  canse, 
is  withdrawn,  the  two  electricities  of  A  B  nnite  again,  and  leave  the  conductor 
entirely  passive.  If,  however,  the  conductor,  A  B,  is  made  in  two  parts,  joined 
at  fbe  neutral  point,  and  each  on  a  Beparate  glasa  leg,  when  it  ib  inductively 
eicited,  the  two  parts  may  be  sepii-fated,  and  each  part  will  then  he  found,  wben 

the  indnedve  power  of  V. 

By  means  of  a  glass  tube,  or  stick  of  resin  gently  esciled,  and  approached  to 
one  of  the  electroscopes,  it  is,  of  course,  easy  to  determine  tbo  deseriptloti  of 

829.  The  lawa  of  induction  may  lie  thus  stated ; — 1st.  A  body 
electrized  by  induction,  possesses  no  more  electricity  than  before.  This 
is  shown  by  the  fact,  that  as  soon  as  the  inducing  influence  ceases,  the 
two  fluids  reunite  in  A  B,  and  no  trace  of  excitement  remains. 

2d.  If  a  conductcr,  excited  by  induction,  is  touched,  or  made  to  com- 
municate with  the  earth  in  any  part  of  its  surface,  it  parts  with  a  por- 
tion of  electricity,  always  of  the  same  name  with  the  inducing  body, 
and  it  retains  the  fluid  of  opposite  name.  If  the  inducing  cause  is 
then  withdrawn,  the  insulated  conductor  remains  excited,  with  the  fluid 
of  opposite  name  to  that  of  the  inducing  body. 

Thus,  wo  not«  the  important  distinctions  between  a  body  electrized  by  induc- 
tion and  by  conduction.  Induction  occasions  nu  transmission  of  free  electricity 
to  the  other  body;  bot  only  a  dacompoaition  of  the  +  electricities  of  the  insu- 
lated conductor.  Induction  produces  dissimilar  conduction,  similar  electricity 
to  that  of  the  aicidng  body ;  and  the  distanoe  to  which  electricity  of  induction 
extends,  greatly  exceeds  that  lo  wblch  It  can  be  propagated  by  conduction, 
where  absolute  contact  or  very  close  proximity  is  required.     A  strong  analogy 

by  ooii(aci,  are  of  the  same  name  with  the  body  tonohed.  By  influencB,  tbo 
neutral  fluid  of  tho  oxcitod  body  is  decomposed,  and  the  polarities  are  in  accord- 
ance with  laws  already  stated. 

830.  Induction  ia  an  act  of  contiguoua  paitiolea. — Dr.  Faraday 
has  modified  the  usual  view  of  induction  just  stated,  by  showing  that 
induction  never  takes  place  at  a  distance,  without  polarizing  the  mole- 
cules of  the  intervening  non-conductor,  causing  them  to  assume  a  con* 
Btrained  position,  which  they  retain  as  long  as  they  are  under  the 
influence  of  the  inductive  body. 

Because  air  and  other  non-conductors  permit  the  passage  of  eleotri-ai 
influHnce  in  this  manner,  F.iraday  calls  them  dtelectrtes,  in  distmction 
from  electrics,  or  conductors  which  can  become  polarized  only  when 
insulated  by  gome  dielectric.  Dielectrics  differ  in  their  Bpecific  indui,- 
tive  capacity  air  being  the  lowest  in  the  scale,  as  follows,  vw     air,  1 
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resin,  1-77  :  pitch,  1-80 ;  wax,  1-86  ;  gla-^s,  1-90 ;  sulphur,  L'93 ;  ehella 
1'95. 

of  air  and  other  gasea,  ia  sesn  io  fig.  5BS,  cooaiating,  aaaontially,  of  two  metaJl 
epherea,  C  and  P  Q,  of  UDCqual  djameter,  tbe  smaller  placed 
ia  t!ie  centre  of  the  larger,  and  inaulated  from  it  by  a  atem 
of  ahellac  0(  gutlii  pefcha,  A.  The  two  halvea  of  Che  outer 
apberejoin  in  an  air-tJgbt  joint,  like  the  Magdebnrg  bcmi- 
apherea  (25T).  Ths  «pace,  m  n,  mnj  be  emptied  uf  nir  by  an 
air-pump,  controlled  by  a  cock  in  tbe  foot,  and  filled  \Tilb 
any  otber  gas  or  fluid.  This  apparatua  reaemblea  the  Loy- 
den  jar  (S4T),  with  tbe  advantage  of  changing  the  iaterreuing 
dielectric  al  fleaaure.  Tbe  balla,  C  and  B,  CODstitnte  tbe 
etrarged  conductor,  upon  the  surface  of  nbicb  all  the  electric 
force  is  resident  hy  virtue  of  induction.  As  tbe  medium  in 
mn  may  be  changed  at  plaa^ure,  nbile  oil  otber  things  re- 
main the  same,  then  any  changes  manifest  by  the  proof- 
plane  and  toraioQ  balance,  will  depend  on  abaogee  made  in 

media.     When  one  was  charged  and  measured,  th< 
being  divided  nitb  tbe  otber,  tbe  altimate  conditiuns  uf  l>oth  in< 
torsion  balance  whether  or  not  tbe  media  had  any  specific  diffcj 
further  details,  see  Faraday's  Esp,  Res.  1197.) 

831.  The  attractions  and  repulsions  of  light  bodies  (811)  nan 
be  explained  only  in  view  of  tlie  phenomena  of  iuduution.  The  excited 
tube  or  resio,  decomposes  the  neutral  electricity  in  the  pith-halls  or 
bits  of  paper,  repelling  the  electricity  uf  opposite  name,  and  being  thus 
left  of  an  opposite  eieitement  to  the  rod  or  resin,  they  become  attracted 
to  the  eiciting  body,  in  obedience  to  electrical  laws.  All  cases  of  elec- 
trical repulsion  are  equallj  referable  to  attraction  under  inductive 
influence.  Thus  the  apparent  repulsion  of  the  two  pith-balls  in  ao 
electroscope,  is  really  the  effect  of  the  attraction  of  surrounding  bodies, 
■whose  electcioal  equilibrium  is  disturbed  bj  the  inductive  influence  of 
the  exciting  cause. 

The  following  experiment  illaetrates,  in  an  Interesting  manner,  (be  develop- 
ment of  electricity,  and  the  attractions  and  repulsions  of  light  bodies  by  induc- 
tion. Support  by  its  edges  a  pane  of  dry  and  warm  window-glass,  about  aa 
inch  from  tbe  table,  on  two  pieces  of  dry  wood,  and  place  beneath  it  several 
pieces  of  paper  or  pitb-balls.  Excite  tbe  upper  surface  hy  friction  with  a  silk 
handkerabief,  the  electricity  of  the  glasa  becomes  decomposed,  its  negative  fluid 
adheres  to  (be  silk,  and  its  positive  to  the  upper  surface  of  the  glass  plate ;  this, 
by  induction,  acts  on  the  lower  surface  of  the  glass,  repelling  its  positive  elec- 
tricity, and  attracting  its  negative,  tbe  intervening  dieleotric  being  polarised  ae 
explained,  and  the  lower  surface  of  the  glass  electrified  by  induction  through 
Ite  substance,  attracts  and  repels  alternately,  the  light  bodies,  like  the  excited 
tube  (811).  (Bird.)  Numerous  experiments,  illustrative  of  induction,  are  givep 
under  the  electrical  machine. 


db,  Google 


ELEOTEIOITY. 


Volta'a, 


832.  Blectrometera. — Cavallo's 

electron  sopes  mentianed  in  i 

and  name  of  the  electricity.     Electrometers  i 

proiimate  measures  of  the  quantity  of  elee- 


nd  Bennett'a. — Tlie 
indicate  tiie  preaeooe 
!  designed  to  give  ap- 


caiyea  electricity,  tl 
balls,  Rtrawe,  or  gold  leaves,  diTCrge,  and  by  the 
degree  of  their  difergenoe,  measured  on  a  graduated  a 
eleotrioity  is  jndged  of.     Two  stiipa  of  tin  f..i1,  e  t',  an 
pasted  U>  the  ineide  of  tt 

diTerging  leaves,  when  Ihey  are  repelled,  ao  as  touch  the 
sides.    Otherwise  the  inside  of  the  glass  jar  would  be  elec- 
trified by  indactioo,  and  render  the  apparatus  nselees ;  i 
to  avoid  dampness,  the  top  of  the  bell  ie  varnished,  and  the 
air  within,  dried  bj  quick  lime.     Approaching  an  ei 
body  towards  B,  the  golc"  ■ 
tive  fluid,  if  the 
while  the  negative  i 
finger,  the  positive 

withdrawing  the  finger,  the  leaves  diverge  under  (he  i 
eneo  of  the  negative  electricity  remaining  in  the  apparati 

rig.  SBT  is  a  sensitive  form  of  gold  leaf  electrometer,  w 
brass  condensing  plates,  J  846, 
Ijon  in  producing  electrical  ei 

Hare's  single  leaFelE 


aj3.  Ttie  eUctrophoruB.— Any  apparatus  by  which  elei-triisal  phe- 
nomeoa  may  he  ohtained  at  pleasure,  is  an  electrical  machine.  The 
aimplest  apparatus  of  this  port  is  Volta's  dectrophonm,  or  carrier  of 
electricity,  invented  iu  1775. 

A  cake  of  resin,  or  a  disk  of  whalebone 

diameter,  is  eioited  by  . 
annel,  and  a  smaller  disk  o 
latelwith  rounded  c 


placed  on  it  by  an  insulating  handle.   Touch 

the  upper  surface  of  the  metallic  d 

the  finger  (fig.  563),  in  order  to  allow  the  ^ 

escape  to  tlie  common  reservoir  (S15)  of  tt 

negative  electricity,  resulting  from  tlia  decomposition  of  the  neutral  fluid  ii  <ilu> 

Qietallio  plate  by  the  excited  resin.    Now  removing  the  finger,  ruse  the  dbkb^tb 
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a  tlie  table  of  the  labon 


,  and  a  Lejdsu  jar  uielj'  bi 


S70,  shows  how  tl 


lofea 


^  the  eleatfiual  'i 


nrfaci 


the  signs 

The  pticDomeun  involved  In  the  electrophorua  are  ideDtical  with 
those  explained  in  f  829.  Of  eourse,  if  the  plate,  A,  were  raised 
without  touching,  it  would  manifest  do  electrical  esc i lament ;  the  two 
Juids  re-combining  ns  in  tlie  insQlated  conductor,  fig.  563. 

834.  The  oylindei  electrical  machlae. — When  larger  quantities 
:f  electricity  are  required  than  can  be  obtained  from  the  means  already 
described,  resort  is  had  to  machines  of  larger  sine,  and  more  power,  all 
af  which,  however  various  in  form,  consist  principally  of  three  parts, 
viz. :  1st,  a  non-conductor,  usually  of  glass,  revolving  on  a  horizontal 
axis,  and  producing  friction ;  2d,  a  rubber,  agginst  which  the  non- 
conductor presses.  The  rubber  is  a  soft,  elastic  non-conducting  body, 
aa  a  cushion  of  leather,  usually  armed  with  amalgam,  to  be  descrilied 
hereafter.  3d  t  'co  diclo-s  u&  lally  if  brass  mounted  on  glass  sup- 
pirtB,  one  to  rece    e  tl  e  -f-  and  tl  e  oth  r  the  —  ele  tr  c  ty 

In  tha  c^l  uder  maeh  ae    fig   S7]    a  Emooth    y   ode     M   of  „la        na    ated 


•■d  flllsd  with  perfe  t  y  dry 
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■UKtained  on  the  iDsalaled  prime  conductor,  A,  and  cavering  about  one  eigbth 
of  its  Eurtucii:  an  apron  of  silk  ia  usually  attached  to  the  up|>cr  edge  uf  tbs 
rubber,  aad  eitends  as  fur  as  tbe  poiota,  P,  on  tbe  second  conductor,  B,  deijigned 
to  reoeive  the  +  cLeetricitj  escited  at  C.     If  the  connecting  rods,  E  D,  are 

neution  with  the  earth,  then  tho  +  electricity  accumulated  on  the  positive  con- 
duotor,  will  reunite  with  a  spark  with  the  —  aleetrieitj  of  the  negative  ccmJuot/ir, 
A,  again  to  he  decomposed  as  before  at  C.  If  tbe  negative  conductor.  A,  ii 
oonneeted  with  Che  earth  by  a  chain  or  metallic  thread,  then,  when  Che  machine 
is  worked,  a  continuous  flow  of  sparks  of  positive  electricity  will  pass  from  Ihe 
positive  condact«r,  B,  to  any  conduetor  near  enough  to  receive  them.     But  if  A 

of  negative  eleotrieity  is  obCained.  lo  Ihia  oaae  a  flow  of  positive  elootricity 
takes  place  from  tho  cushion,  C,  through  the  conduotor,  B,  to  the  earth,  thus 
leaving  tbe  eonduolor  A  charged  with  negative  eleetricity.  This  form  of  cylinder 
machine  was  designed  by  an  Bnglisbman  named  Naime. 

Amalgam. — No  considerable  quantity  of  eleetricity  can  be  evolved 
from  an  electrical  machine  of  glass,  iinlesB  tbe  rubber  is  excited  with 
aa  amalgam  composed  usually  of  four  parts  nieroury,  eight  zinc,  and 
two  tin,  mised  with  some  unctuous  matter  and  spread  on  silk  or  leather. 
The  zinc  is  first  melted ;  the  tin  is  added,  and  the  mixture  stirred,  and 
poured,  not  too  hot,  into  a  wooden  boi,  coated  inside  with  chalk,  and 
into  which  the  heated  mercury  has  been  first  poured.  The  lid  is  put 
on,  and  the  bos  violently  shaken,  until  the  amalgam  becomes  cool.  It 
is  then  finely  pulverized  in  a  mortar,  and  becomes  as  soft  as  butter. 

835.  Ramaden's  plate  machine,  as  its  name  indicates,  has  a  plate 
oc  plates  of  gla^s  substituted  for  the  cylinder.  This  form  of  apparatus 
is  seen  in  fig.  572.  The  plate,  F  F,  is  revolved  by  the  winch,  M,  sus- 
tained in  a  frame,  O  O,  of  baked  wood.  Two  pairs  of  spring  cushions, 
a         md'hml  od        ff         Th         dtsCCIlt 


;o  illustrate  this  early  electrical  apparatus.     But  hard  india-rubber  la  a  more 
TODvenieat  and  certain  source  of  negative  electrical  esoitemonC 
In  the  United  States,  our  mechanicians  have  broui^ht  all  apparatus 
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for  eleotrioa   illustrations  to  a,  degree  of  perfection  leaving  little  to  be 


836.  The  Ameticau  plate  eleotncal  maclliDe  —The  form  of 
plate  machine  commanlj  adoptPd  in  the  (Jmtad  States  is  seen  in  hg 
574  (from  Rilchie).  It  is  arrangpd  for  the  eihiliition  of  both  elettrn.! 
ties  at  pleasure,  and  has  a  prime  condu  tor  in  i  movable  stand 

Dr.  Hare  has  very  ingenioualv  met  the  difcoultj  of  obtaining  both 
electricities  from  the  plate  mathme  by  making  the  plate  reiolve  hori 
Koatally,  and  thus  allowing  the  positive  and  negatne  conduttori  1« 
stand  like  arches  in  two  vertical  planes  at  right  angles  to  each  other 
above  the  plate.  Am.  Jour  Sui  [1]  Til  lOS  )  Dr  Uare  was  att 
ardent  supporter  of  the  Franklinian  hypotbesis  and  this  apparatus 
was  contrived  to  sustwn  his  arguments  in  favor  of  that  Tiew. 

837.  taTge   electrical  machine  —Ritchie's  double   plate  ma- 
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directioa  oF  Ptesidept  Barnard,  bj^  Kituhie,  of  BuEtjiD.  The  geoeral  FooEtrueiioD 
of  this  gigmfic  eleotriool  apparatos  may  be  nndotatood  from  fig.  5f5  ((Vontis- 
plece),  in  which,  bowover,  the  prime  oonductors  are  not  abowo.      Theae,  foi 

Thia  maibine  baa  two  plnlea  of  Freoch  glasa,  eorh  six  feet  In  diameter,  sus- 

roaenood.  The  plates  are  excited  by  fonr  pairs  of  riibi)era,  made  of  braaa,  sad 
lined  with  fine  wool  fe't  three-eighths  of  ui  inch  thick,  sucb  as  Is  ased  fur  the 
dampera  of  the  grtAd  piano.  These  are  covered  with  firm  ladin  silk,  n|)oa 
which  the  amali^m  Is  spread.  Rubbers  of  this  construction  are  found  to  be  far 
moreeffiDieut  Cbrin  (bose  in  general  use.  The  prime  condactors  of  this  machine 
expose  fiflj  sqm.re  feet  of  polished  brass  oylindera  in  three  aectiona,  about  one 
foot  lu  diameter  by  seren  in  length,  snsl^uned  also  on  ont-glasa  insulating  pil- 
lars. One  turn  if  this  machine  Slls  the  apartment  with  an  orerpowering  odor 
ol  ozone.  It  ia  so  arranged  as  to  afford  negative  electrieity  fVom  four  rubbers. 
One  battery  for  this  machine  contains  one  hundred  and  twenty  glass  hells, 
arranged  in  det'iebments.  whose  coated  aurfaees  expoae  about  ninety  square  feet 
of  area.  Ko  djtailed  description  of  the  petformance  of  ibis  superb  machine 
has  yet  been  mi,de  public     It  cost  over  three  thoaeand  dollars  without  ita  bat. 


The  Tyleiiaa  machine.— The 


splat 


,  in  H  oil  Bud.    It  w 
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Dvnrly  sixteen  ini^bes  in  Icagtb,  and  Ineoty-three  and  n  balf  f«et  suHbcb  in  tha 
ounductior.  Il  gave  three  hundred  sparka  twonty-four  inches  long  in  a  minule 
forked  like  lightning,  and  with  rayi  six  oi  eight,  inches  long,  branching  from  the 
MDglea  of  the  flash.  Ic  deflecled  a  thread  six  feet  long,  eii  iaohes  from  a  per- 
pendicular, at  K  distance  of  thirty-eight  feet,  and  the  balls  of  Carallu's  etectro- 
icope  (332J  diverged  half  an  inch  OEUnder  irhen  forty  feot  distant  from  it.     The 

branches  between  the  plates.  Two,  and  sometimes  four  men,  were  employed 
to  tarn  it.  When  in  fall  force,  a  eingte  ipark  from  the  conductor  suffiied  to 
burn  and  dissipate  a  strip  of  gold-leaf  twenty  inches  long,  and  one  and  a  lialf 
lines  wide.  A  pointed  wire  exhibited  the  appearance  of  a  luminous  star  when 
held  twenty -eight  feet  bom  the  conductor. 

All  glnea  is  not  equally  fit  for  eleetrioal  plates ;  that  Hbiob  U  white,  hard,  and 
free  from  bubbles,  ia  most  esteemed.  If  too  mncb  alkEji  la  used  io  tbe  oi^po- 
sition  of  the  glass,  it£  surface  attracts  moisture,  and  soon  becomes  damp  and 
cough.  Such  a  plate  is  worthless.  The  preference  gii/cn  to  old  plates  is  due, 
probably,  to  the  fact,  that  their  composition  bos  enabled  them  to  preserve  tbeir 
properties  uninjured. 

838.  Care  and  management  of  electrical  machines. — Perfect 
inaulation  and  freedom  fruni  dust  and  roughnesses,  are  essential  to  the 
good  condition  of  all  eieetrical  macbines.  For  this  end,  the  glass 
columns  are  varnished,  to,avoid  the  dejiositioa  of  moisture,  and  all  the 
polished  surfaces  of  metal,  as  well  as  the  glass,  must  be  kept  quite 
clean,  and  free  of  dust.  If  the  earface  of  the  cylinder  or  plate 
becomes  streaked  with  amalgam,  it  must  be  wholly  removed.  It  ia 
better  not  1«  put  any  amalgam  into  immediat«  contjiut  with  the  glass, 
but  to  spread  it  upon  the  cushion  pretty  thickly,  and  then  to  cover  it 
with  a  piece  of  silk ;  a  sufficient  quantity  will  pass  through  the  silk, 
tis  the  machine  is  worked. 

If  the  glass  becomes  greasy,  it  is  best  washed  with  rectified  compbene,  bum- 
Ing  fluid,  or  ether.  It  is  indispensable  that  the  surface  of  the  amalgam  should 
be  in  good  metallic  eommunication  with  the  earth,  wbioh  is  accomplished  by  the 
Dse  of  tin  foil,  or  tinsel.  Cushions  stufi'ed  with  metal  filings  ace  preferred  by 
some,  chiefly  for  this  reason.  A  cushion  or  mbiwr  made  of  two  or  three  folds 
of  cotton  aanne),  between  which  is  laid  a  continuous  strip  of  tja  foil,  of  the 
lame  aiie  with  the  rubber,  works  exceedingly  well.  Ritchie  prefers  piano  felt 
Aurum  miiiaimm  (the  bisulphuret  of  tin),  a  yellow  bronjy  powder,  is  on  escel- 
lent  Bubstitute  for  amalgam.  It  is  supposed  to  suffer  chemical  decomposition 
when  in  use,  and  so  to  quieten  the  activity  of  the  machine.  Finally,  a  dry 
winter  air  is  indispensabie  fur  the  best  working  of  an  eleotrieal  machine ;  hence, 
radiant  heat,  falling  on  lim  machine,  or  an  apartment  heated  by  a  dry  furnace 
air,  ia  especially  fovorable.  In  carpeted  rooms,  it  is  desirable  to  eonncet  the 
rubber  with  a  gas-Kxture,  to  socure  a  good  communication  with  the  common 

839.  Electricity  from  steam.— Ann  strong's  hydro-electric  machine, 
fig.  576,  is  designed  to  illustrate  the  development  tf  powerful  electrical 
effects  from  high  atfiam ;  a  fact  well  known  to  all  concerned  in  th« 
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fflBDagement  of  locomotivo  steam- engines,  but  first  aeientifieally  noticed 

in  1840,   by   Mr.  Armstrong,  at  Neweastle-on-TjDe.     Tbe   apparatus 

which  he  onntrived  to  show  these  effects,  576 

is  a  common  high  pressure  steam  boiler, 

about  three  feet  long  and  twenty  inches  in 

diameter,  mounted  on   insulating  pillars 

and  strong  enough  fur  a  pressure  of  LOO 

lbs.  to  tbe  ineb.     The  steam  ia  suffered  to 

escape  by  jets.  A,  of  a  peculiar  form,  o 

tbe  side  of  the  box,  B,  into  which  it  is  ai 

mitted  by  the  cook,  C.    Faraday,  in  inve' 

tigating  the   electricity   of   steam,   found 

that  dri/  steam  gave  no  excitement,  and  ^ 

that  the  electricity  res nl ted  from  the  frio-S 

tion  of  vesicles  of  water  against  the  sides  E 

of  the  orifice.     Hence,  B  contains  a  little   ' 

water,  over  which  the  steam  escapes,  and  is 

jet  has  an  interrupted  passage,  s 

nozzle  is  lined  with  dry  box  or  partridge  wood.     The  vapor  escapes 

against  a  plate,  P,  covered  with  metallic  points,  to  collect  tha  electricity, 

and  ending  in  a  brass  ball,  D,  insulated  from  tbe  earth.     The  boiler  is 

negative,  and  positive  electricity  is  collected  at  D,  provided  the  water 

is  pure  and  free  from  grease.     Turpentine,  and  other  volatile  cBsences, 

reverse  the  polarity,  while  grease,  or  steam  from  acid,  or  saline  water, 

destroys  all  escitement.   If  tbe  nuislo  of  the  jet  ends  in  ivory  or  metal, 

there  is  also  no  escitement.   A  boiler,  such  as  ia  described,  will  develop 

in  a  given  time,  as  much  electricity  as  four  plate  machines  forty  inches 

in  diameter,  making  sixty  turns  a  minute ;  a  truly  surprising  result. 

840.   Other  sources  of  electrical  excitement.— 1.  Tbe  bands  of 
leather.  India-rubber,  or  gutta-percha,  used  to  drive  machinery,  some- 
times  become  powerful  sources  of  resinous  electrical  excitement,  giving 
sparks  of  negative  electricity  over  twenty  inches  in  length. 
Id  cotton -mille,  bo  much  electricity  ia  thus  set  tree,  that  it  becomes  n 


s  partially  condensed.     The 
to  produce  friction,  and  its 


dmgai 


pnisiona  and  attraction 

a  of  the  cotton.     A  leatbern 

i,  [2]  Iir.,  250),  gave  eparks  t 

idalummouabniBhito 

a  steel  point,  at  seven  feet.    Tl 

from  all  bad  eondneloi 

■8,  is  local,  or  danger  would  at 

Dr.  Franklin,  iu  a  lotu 

ir  to  Bowdoin,  Eaggssted,  for  I 

line,  a  croaaed  band  of 

atuffad  leather,  moved  by  a  wi 

oed  by  M 


2.  Tbe  friction  of  shoe-leather  on  woollen  oarpets,  in  houses  w 
by  hot-air  furnaces,  or  steam,  in  cold  weather,  is  a  fertile  and  c 
lource  of  negative  electrical  excitement. 
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ment  in  oo!d  wosther,  in  giving  alootrieal  ahocfca,  by  kisses  and  otherwise,  to 
utiwarr  people,  or  in  lighting  the  gus  by  a  spark  from  the  finger,  or  a  key- 
handle,  after  raDolng  briskly  over  the  carpet.  Prof.  Loomis  hm  naticed  thosa 
effects  in   detail  in  the  Am.  Jour.  Sci.  [2]  X.,  821,  and   XXVI.,  58(5.     They 

houses  are  seldom  warmed  and  dried  by  hot-air  furnaces, 

841.  Tlieoiy  of  the  electrical  machine.— The  phenomena  if  the 
eleutrieal  machine  maj  be  esplained,  either  on  the  theorj  of  one  or  two 
floida.  The  esplaoatioDs  of  induction  (828),  alrea<ij  given,  apply 
equally  to  the  developmeot  of  free  electricity,  upon  the  prime  coiiduc- 
tura  of  electrical  machines.  When  the  machine  is  turned,  the  neutral 
electricity  of  the  rubber  is  decomposed,  the  positive  fluid  follows  the 
glass,  until  coming  opposite  the  points  on  the  prime  conductor,  the 
negative  electricity  of  the  conductor  flows  out,  to  unite  with  the  posi- 
tive of  the  glass,  while  the  positive  fluid  of  the  conductor  is  repelled  to 
the  other  end,  thus  leaving  the  prime  conductor  powerfully  positive. 
Reaching  the  rubber,  the  neutral  fluid  of  the  glass  is  there  decomposed, 
its  negative  portion  seeks  the  common  reservoir,  and  the  positive  fol- 
lows the  revolving  glass  to  the  points  aa  before.  The  conductor  does 
not  acquire  positive  electricity  from  the  plate,  but  gives  its  negative 
tliereto,  thus  becoming  itself  positive. 

It  is  still  an  open  qaestion  whether  the  action  of  the  amalgam  is  obemical  or 
meohanieal  (834).  It  is  certain  that  an  amalgam  of  silver,  or  gold,  does  not  act 
to  eioita  electricity,  like  amalgams  of  oiydiiabk  metnle;  and  Dr.  WoUaeton 
demonstrated,  that  the  latter  did  not  act  in  an  atmosphere  of  oarbonio  acid  or 
nitrogen,  free  of  osygen. 

In  all  cases,  the  diaoharge  of  an  electrioal  conductor,  by  a  spark  or  otherwise, 
Is  aooompanied  by  the  induction  of  an  opposite  eicitemont  in  the  body  receiving 
the  shock,  whose  opposite  eloetrieity,  uniting  with  tbiit  of  the  conductor  by  a 
forcible  disruption  of  the  intervening  dielectric,  produces  the  sound  and  flash 
pf  the  electric  discharge. 

842.  Experimental  illnstrations  of  electrical  attractions  and 


repulsions,— A 

multitude  of  instrmtil 

may  be  made  with  the  electrical  machine 

tion.     A  few  mu 

St  suffice. 

}.  The  Insulating  stool  is  a  bench  witl 

glass  legs,  fig,  677  ( 

a  board  on  four  black  bottle 

answers  perfectly). 

on  which  a  person  may  Stan 

<>r  ait,  while  in  cou 

.muoioation  with  the  eiean 

eal  machine,    Beii 

ig   thus  insulated,  the   fre 
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a  strong  spark    is 
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2.  Henley's  electioscope,  fig. 


ue  of  Uie  conducU 

us  extended   a  lo 

damp  weatbe 

falU  inim,?il  lately, 

^.  Bleotilcal  bells,  fig.  b79;  the  hells, 
and  B,  ore  suspended  by  a  metallic  tbread,  fi 
the  ends  of  a  oiosE-bai  of  metal  hang  on 
mncbine ;  the  betl,  0,  aoil  the  two  clapper?, 
bung  by  insulating  threads.  C  is  ceuneeled  n 
the  earth  ;  and  when  the  machine  is  norked,  A  i 

negative,  and  the  little  clappers  being  alterual 

altraoled  and  repelled,  a  constant  ringing  is  kept  up  as  long  as 

lasts.   If  the  maehine  is  too  active,  luminous  sparks  pusE,  and  the  be 

4.  Volta's  hail-Storm  ie  a  contriTance  designed  to  show  I 
view]  bail  might  be  produced.     It  is  a  larger  way  of 
■bowing  the  same  facts  already  explained  in  . 
glass  bell   commnnlcfltes  with 


the  machine,  Gg.  &3I,  above. 

""' 

and  rests  on  H  metal  plate  in 

eommnnication  with  the  earth.    » 

Wheo  the  machine  is  worked. 

iTi." 

the  pith-balls  on  the  plate  are 

1  FTt 

violently  agitated,  being  drawn 

n  ' 

up  and  repelled  again  actively. 

while  the  excitement  lasts.    A 

simple  ball-glasa,  or  large  tum- 

^ 

bler,  elecWiied  by  contact  of  its  ^ 

SI 

«_ 

k 

interiar  surface  with  the  con- 

^ 

ductor  of  an  electrical  machiDe,          ' 

-oa 

r^  M 

answers  quite  na  well,  and  may 

A^-   ^ 

be  placed  over  a  heap  of  pith- 

@ 

^^^  ^ 

balls   on   the   table;    they  are 

violenUy  thrown  abont  as  lung 

as  the  ejtcitemeut  continues.     Tbe 

an 

e  of  puppets,  iig.  bS 

tution  of  little  figures  of  dancing  pe 

nts,  made  of  cork  or 

pith,  and  plated  between  two  metalli 

P 

5.  The    electrical   wheel    i 

omposed  of   several 

points  fixed  in  a  centre,  so  balanc 

ed 

as 

o  rest  on 

an 

prigbt. 

Is  norkcu,  the  escape  of  the  electricity  IVom  tbo  points  reacts  'T' 

OB  the  air  with  sufficient  force  to  revolve  tbo  wheel  with  acti-  M f- — 

vity.     The  existence  of  such  a  current  of  air,  caused  by  tbe  1 

escape  of  electricity  from  points,  is  further  shown  : —  lii 

C.  By  a  candle  flame ;  a  candle,  fig.  SS4,  held  before  {I 

the  point,  has  lis  flame  blown  aside  by  the  rush  of  air  aooom-   __^^im. 


icity.   If  the  t 

1  out  to  it,  the  dire 
■D  point,  fig.  5S5. 
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pjpariment  has  been  called  (4e  eleclHcnl  blo.r,-pipe.    The  nish  of  ai 
inw  may  he  ao  enorgetia  from  an  antire  machine,  as  to  exlingai 

a  of  light,  called  the  i 


It  a.  tej-ilen  , 

are  oflcn  bck 

If  the  poiD 

i(a  pecnliar  action  ceases,  and  the  hall  ( 

1.  Franklin's  spider,  Bllicott's  electr^ 

electrical  planisphere,  ore  otbi 


S43.  Disguised  or  latent  electii city.— The  phenomena  of  ioduo- 
tion,  already  explained,  have  a  curious  and  most  important  extension 
in  the  Bubject  of  this  chapter.  When  two  equal  and  insulated  conduc- 
tors, equally  excited  by  the  two  oppOBJte  electricities,  are  separated 


by  either  t 


h  other  by  only  a  thin  plate  of  glass  or  other  dielectric  mat«- 


lect 

t  i  w   h  th  E 
g     I    t      t 


Th    d    I 


1  ta  c 


h   ih 


inductive  at  h      by  tl 

rounding  b  1 

Removed  t 
tricity,  by  th     d       g 
more  brought  t  g    1        th 
and  so  on,       1 1  th     unp 
izes  all  free  electricity. 

When  80  situated,  the  electricitiea  are  said  to  be  latent  or  disguised,~- 
paraljied  by  their  mutual  attractions. 

844.  Tbe  cosdenaer  of  JBpiiius. — The  phenomena  of  disguise., 
electricity  are  illustrated  by  the  use  of  various  condeuaers,  consisting 
essentially  of  two  extended  metallic  surfaces,  and  an  insulating  m*- 


k  d  t 


Uy 
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di<j[ii.  They  are  Eonictiraes  adupt«d  to  a  ;oumulat«  electricity  of  higb 
pension,  and  sometimeB  tlieir  aid  is  invoked  to  render  senailjle,  quauti- 
jiea  of  electricity  otherwise  insensible. 

The  condenser  of  ffipinus,  figs.  686,  587,  is  designed  for  the  former  putposB. 
Two  polished  melallio  eurfaeea,  AC,  with  ,..  .,- 


it  happens  that  a  1  ittle  less  negative  fluid  is  drawn  to  the  surface  of  C, 
its  of  poeitJTe  on  A,  hy  rejiaon  of  the  thiotness  of  B.  Consequently, 
toBcopa  on  A  remains  slightly  e'CTated  (residual  eharge),  even  after 
e,  wliile  that  on  C  continues  who!  j  l)a6aive. 


low  degree  oorrespunding  to  ils  residual  free  eleetrieily      Ilenre,  A  ran  rBoeivo 

indncing  the  decomposition  of  a  fresh  portion  of  neutral  electricity  in  C  M 
before,  and  thus  ihe  action  proceeds,  until  the  whole  of  the  natural  fluid  of  both 
plates  is  decomposed  and  disguised,  or  rendered  latent,  excepting  that  small 

difference  due  to  the  thickness  of  B,  and  which,  as  we  have  seen,  would  be  null, 
If  B  could  be  eonceired  of  as  having  no  tliiekness.  It  is  this  small  residue 
whioh  conatitntca  the  residual  charge  in  the  Leyden  jar. 

In  performing  this  experimeat,  the  knuckle  ma;  serve  as  a  conductor  to  Ihe 
earth,  in  place  of  m,  when  a  rapid  series  of  sparka  will  ho  received  (positive 
electricity),  oonetantly  diminiahiug,  and  eeaaing  with  the  maximum  charge  of 
A  and  C.  This  point  of  masimum  charge  ia  dependent  on,  1st,  the  extent  ol 
surface  in  A  T ,  2d,  on  the  tension  of  the  prime  conductor;  and  Sd,  on  the 
thickneas  of  B. 

When  the  point  of  saturation  ia  A  and  B  ie  reached,  and  all  the  eleclricilies 
pbsaible  are  disguiacd  in  the  condenser,  the  pendulum  on  A  still  sbons  only  a 
feeble  excitement,  although  both  A  and  B  ore  in  a  3tat«  of  extreme  tension. 
Withdraw,  now,  A  and  C  from  B,  aa  ahown  in  fig.  587  i  now,  the  elcetroaeopes, 
A  and  B,  both  show  high  excitement:  restore  the  plate  again  as  at  first,  and  b 

Wfore.     The  opposing  fluids  -r.  A  and  C  are  wholly  occnpied  wilh  their  mutual 
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of  the  dielectric  IS.     Althougb  oppareotlj  pBasirc,  (hey  Bro  aelu^ll}'  in  a  staM 

845.  The  disohaige  of  the  ooudeneer  ni!i,y  happnii  In  threa 
wnjs; — 1st,  insenvibli/ ;  bj  the  imperfect  ineulatiiiii  of  the  supp<irtB, 
espeoinlly  if  the  Eiir  is  dump ;  hut  always  gradually. 

2d,  by  the  diarvpliee  discharge.  If  tie  plate,  B,  is  too  thin  in  refer- 
snue  to  the  (stent  of  surface  in  A  and  C,  the  tension  of  the  oppneing 
fluids  will  overcome  the  cohesion  of  the  glass,  B,  and  it  will  he  shivered 
In  pieces,  with  a  loud  explosion,  and  brilliant  aparb.  The  same  spark 
and  explosion  may  lake  place  without  destroying  the  dielectric,  if  wa 
use  a  disckarjinff  rod,  to  effect  communication  hetween  A  and  C.  This 
apparatus  ia  either  single,  as  in  fig.  jgs  5S9 

588,  or  double,  as  in  fig.  589.  If 
this  rod  is  provided  with  glaaa  in- 
sulating handles  (as  in  the  ligures). 
the  experimenter  feels  no  sensation  - 
but  otherwise,  or  if  A  and  C  are 
brought  into  connection  by  the 
naked  hands,  then  a  powerful  slmi'k 
is  experienced,  convulsing  the  whole 
frame.  The  same  sensation,  in  a 
feeble  degree,  is  felt  when  the 
knuckle  receives  the  aparka  of  an  excited  machine. 

3d,  and  lastly,  the  charged  plates  may  be  slowly  discharged  by  alter- 
nate connection  with  ilie  earth.  While  the  condenser  is  in  the  condition 
indicated  by  fig.  586,  t«uch  C  with  the  finger ;  no  effect  follows ;  touch 
A,  and  a  feeble  spark  is  received ;  the  electroscope,  a,  falls,  while,  at 
the  same  instant,  that  on  C  is  raised  to  the  same  degree,  ahowing  that 
what  A  has  loat  in  free  positive  electricity,  C  has  gained  in  free  nega- 
tive fluid.  Touch  0  ;  a  slight  shock,  a  feeble  spark,  and  the  fall  of  the 
electroscope,  B,  ensue,  while  the  electroscope  on  A  again  manifests  ila 
original  eicitement.  Thus,  by  the  alternate  discharge  of  A  and  0,  the 
whole  of  their  disguised  fluids  are  gradually  set  free  and  discharged. 

846.  Volta'a  condensing  electroacope. — This  instrument  de 
pends  on  the  principles  just  explained,  and  is  used  to  render  sensibia 
by  condensation,  electricity  of  loo  feeble  a  tension  to  affect  the  ordinarj 
gold-leaf  elettrometer. 

The  plftte  A.  fig.  590,  is  covered  with  waxed  silk,  aligiitly  larger  tban  the 
disks;  this  takes  the  place  "f  the  dielectric,  B,  fig.  581!.  Wbeu  the  inatruinsQl 
Ib  used  the  uppe*  plula  is  placed  in  the  position  shown  in  fig.  5D1,  and  ita  sur 
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0  u|.per  plate  of  t 

eco 

den- 

r  is 

raised,  as  in 

flg 

59B, 

entl 
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this     act 
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(he  glass  aa  high  us  the  lower 
edge  of  the  gold  leaves. 

Dr.  Hare's  single  gold- 
leaf  electrometer.  —  In 
this  instrument,  a  single  gold  leaf,  about  three  inches  long,  by  one-third 
of  aD  inch  broad,  ia  hung  by  a  braaa  rod  from  the  top  of  a  bell  or  globe, 
as  in  the  last  instrument.  Immediately  opposite  to  the  lower  end  of 
the  leaf,  a  similar  rod  of  msta!  paoips  throut,h  an  cpenvng  in  the  side 
of  the  vessel  carrying  a  gilded  diskuf  wood  or  paper  half  an  inch  in 
diameter.  This  lateral  rod  is  graduated  to  measure  small  dietantes 
To  uae  thia  instrument,  the  lateral  rod  is  pot  in  oommunitation  with, 
the  earth,  and  an  electrio  is  brought  in  contact  with  the  up].er  diat 
when,  if  the  diatanue  between  the  leaf  and  the  lower  diik  is  smill  the 
most  minute  attractive  force  is  detetted      In  the  original  592 

instrument,  Dr.  Hare  employed  a  plate  of  z 
insulating  handle,  and  one  of  copper  on  the  : 
arranged   as   in  Volla's  electrometer,  when   the  aimpio 
aeparation  of  these  two  disks  would  evince  a  tenfold  deli 
aacy  of  action  compared  to  Volta's  condenser.* 

847.  The  Leyden  jar.— Accident  led  to  the  discovery  ^ 
of  this  remarkable  piece  of  apparatus,  long  before  il 
principles  were  made  clear  by  tbe  condanaer  of  ^pinu: 
and  the  explanations  of  Franklin.  It  conaista  of  a  thi 
glass  jar,  fig.  592,  eoated  inside  and  outside  with  tin  foi 
as  far  as  the  bend  of  the  neck.     The  inner  surface  is  cstended  by  th« 
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wire,  earrjiag  &  brass  knob  at  top,  touohiag  the  inner  coating  by  a 
pieue  of  cbnin  or  wire,  and  suataiaed  in  its  plaoo  by  passing  through 
a  nun-eon  ducting  cover  of  dry  wood. 

The  relations  of  the  jar  and  the  two  metaltio  coatings,  will  be  se«D  by  flg.  &9S, 
showing  in  section  a  Lejdon  jar,  the  parU  of  which  are  separable,  and  ils  wire  bent 
conveniently  into  a  hook,  to  suspend  it  on  the  machine.  It  will  be  wen  at  a  glance 
(hat  this  arrangemeat  ie  identical  in  priuciple  nitb  the  eondeaeer  of  .Spinus,  and 
the  electrical  plates  of  Franklin.  If  the  knob,  h,  of  the  Lejden  jar,  insnlated 
upon  a  stand,  flg.  994,  is  presented  to  the  conductor,  a,  of  the  electrical  machine 
ia  aolion,  only  a  eingle  spark  or  so,  will  enter  it,  unless  594 

a  way  is  proTided,  sa  by  the  conductor,  c,  for  the  eseapo  of    ^^^ 
the  similar  electricity  from  the  eiterioi 
while  its  opposita  ia  then  fised  oa  in  C 
The  charging  of  the  jar  then  proceeds 
erery  spark  which  darts  from  o  to  6,  a  oo 
ing  one  of  similar  electricity,  is  seen 
fi-om  the  outer  coeUng  to  c.     Whe 
the  hand,  the  same  effect  follows  tb 
accompimied  by  a  sligbt  twinge 
Presently  the  point  of  !a 


.   Either 


mg  may 


)riiliant  spark  follow  with  a  violc 

The  invention  of  the  Leyden  jar,  o 
ir  MuBChenbroek  of  Leyden,  in  1746. 
n  Pomerania,  also  independently  di 
iimilar  aceident. 


ralu^li 
little  gli 


nail  vial  cc 
pon  the  pr' 

al  and  nail  from  the  electrical  macbi 
:ived  a  violent  shock.     Von   Kleist, 
ejperimeots  (174S)  on  electricity,  le 


the 


pin  11 


a  bottle  . 


ircury. 


removed  fVom  the  eJectrieal  machint 
;  so  long,  that  t  have  be^n  able  to  walk  sixty  pace 
room  with  this  little  burning  marhine ;  and  if  the  finger  or  a  piece  of  n 
held  against  the  electrified  pin,  the  stroke  coming  ont  is  so  strong  tl 
arms  and  shoulders  are  shaken  thereby." 

This  discovery  of  so  wonderful  a  power  in  nature,  before  unsnapeeted. 
immense  excitement  over  the  civilized  world  and  it  was  precisely  at  1 
that  Franklin  immortalized  himself  by  his  contnbutioos  to  the  new  scie 
B  Leyden  vial  by  bis  single  fluid  hypothesu 


"  Obser 
win  for 


landE 


n  Eleo 
cpntation  of  a  profound  philo 


848.  Electricity  in  the  Leyden  jar 
tesldea  on  the  glass. — In  fig.  595,  the 
jar,  A,  is  composed  of  the  three  separable 
pieces ;  B,  the  glass,  C,  its  outer,  and  D     =i^=^ 
its  inner  metairc  coatings.     When  ( 
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insulating  surface,  it  maj  be  separated  into  its  three  parts  withovil 
being  discharged ;  bat  C  and  D  will  then  be  found  by  the  electro  sou  pe 
entirely  free  from  excitement,  while  B  remiiins  strongly  escited.  Put- 
ting the  parts  together  again  as  in  A,  the  jar  will  be  found  charged  aa 
at  first,  if  the  air  is  dry,  and  too  much  time  has  not  passed. 

849.  The  electric  battery. — As  the  charge  of  the  Lejden  jar  is, 
other  things  being  equal,  directly  as  its  surface,  large  jars  are  plainly 
of  more  power  than  small  ones.  But  a  limit  of  size  ia  soon  reached, 
which  the  thiokneas  of  glass  required  for  strength,  and  other  circum- 
atancoa,  render  it  unprofitable  to  paaa.  Hence  several  coated  jars,  of 
moderate  size,  are  united  by  joining  all  theii 
rods,  and  all  their  outer  coatings  by  a  CO 
shown  in  fig.  596.  Such  an  arrangement 
is  called  an  eieclricat  battery.  When 
charged  from  a  common  source,  and  dis- 
charged in  the  uanal  way,  they  all  act  hh 
one  great  jar,  the  result  being  not  quite 
in  the  ratio  of  the  number  of  jnra,  but  ^ 
nearly  so.  Hence,  the  smaller  the  d 
ber,  the  thinner  the  glass,  and  greater  the  I : 
size  of  the  lars  the  better  and  several  ■ 
batteries  of  seven  and  nine  |  irs  united  Ut  the  charging  rods  of  the 
central  jars  ire  preferable  to  more  extended  single  series.  They  are 
chirged  by  uonnecting  the  interior  with  the  prime  conductor  by  /, 
and  the  e\tenor  with  the  earth  If  the  battery  is  extensive,  and  the 
michine  powerful  greit  lautnn  is  requisite  to  avoid  receiving  its 
shock     \  1  ar-uident  whii-h  might  be  serious  in  its  consequences. 

The  batlerj  n-ed  by  Von  Maram  with  the  machine  alreadj  noticoil  (837),  em- 
■     lebundroljara  eaeh  thirteenrachoBindiametoraodtwofeethigh.   The 


and  fifty  squflri 


coated  aurfaca  wat  five 

jar).    When  fully  char 

long,  hatr  an  inch  wide,  nnd  one-twelfth  of  an  inob  tbicli,  wae  rendered  power. 

fully  magnelio  by  tbc  discharge.     A  Bmall  iron  wire,  twonty-flve  feet  long,  wai 

deflagrated,  and  various   metals  were   dissipated   and  rused    in  vapot,  whei 

placed  in  the  circuit  of  discharge.     A  book  of  200  pages 

bloelis  of  batd  wood,  four  inches  square,  jplit  into  fragmi 

850.  DtBcharge  In  cascade. — A  series  of  two  or  three  Lejden  jars 
may  be  placed  horizontally  upon  insulating  stands,  so  that  the  interior 
of  each  succeeding  one  may  receive  the  spark  from  the  outer  coatings 
of  the  one  preceding. 


.and  a  hair  feet  tc 


This  I 


:  cf  ebarginj 


yond  tv 


isistance  soon 

together,  but  are  disehatged  cons 
position  on  a  vertical  spindle,  tl 


roe  ja«,  owir 
Saggs,  of  Lon 


iating  the  result.    But  M 

lleetric  battery,  the  jars  ■ 

itively.   Each  jar  is  supported  in  a  horiiontiJ 

[  lma*te,  while  being  charged,  pointing  out- 
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laitj  of  tbo  apnri 


0  of   tbrei 


ward,  like  the  rndn  of  a  eirola,  and  when  the  bjiderj  is  to  be  dif  thar, 

knobs,  by  a  quarter  rerolutioo,  are  brought  opp 

next  jar.     In  this  way  the  disruptive  power  or 

plied  as  the  jars,  the  jnnnlily  ramaiuinE  the  sai 

diaoharged  his  battery  of  twelve  jara  through 

Jour.  Sei.  [2]  VII.  418.) 

S51.  The  universal  discharger, — Var 
for  regulating  f-r  moitsuring  the  discharge  of  tlie  electric  battery,  a 
tliB  single  jar.    Of  these,  llciilej'a  597 

uiiiversnl  dischargai",  fig.  597,  is, 
perhaps,  the  most  useful.  By 
means  of  this  simple  apparatus, 
the  electrical  fluid  may  he  made  tu 
pass  through  any  substance  placed  • 
upon  the  table,  I.  Two  rods,  slid- 
ing in  the  joints  a  a',  end  in  balh, 
cc',  covering  points  which  cai 

eiposed  by  their  removal.  The  rod,  a',  connects  with  the 
of  the  battery,  for  example,  while  by  the  discharging  rod,  fig.  589, 
communication  can  be  made  at  pleasure  between  a  and  the  negative 
side  of  the  battery,  by  a  chain  or  metallic  thread. 

The  charge  of  the  battery  may  be  prevented  from  passing  a  given  limit,  by 
ueing  the  discharging  electrometers  of  Lane  or  CntlibBrtson,  in  which  a  ball  ia 
sustained  at  sueh  a  distance  from  the  diachargiag  knob  of  the  battery,  that  when 
'ta    h  b       h  t       ■  n,  it  discliarsea  itself. 

he  slow  dirteharge  of  a  charged  jar  is 
g  rged  Leyden  jar,  with  a  small  bell  in 

a  board,  598 


h  >  rur     by 

(he  electrical  pendulum. 

852.  The  electric  apark.— The  elec 
trio  light  and  spark  result  from  the  re 
union  of  the  two  electricities  ii   tl  p  a  r    ■■ 
In  a  vacuum  there  is  no  spark  (hg  GOl) 
The  ligiag  path  of  the  spark  and    f  I  gl  tn  ng 
of  the  i>,ir      Every  electrical  discharge  pr  li 
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ind  the  f,.r£n  and  wlor  of  the  spark  are  materially  influenced  by  tha 
density  and  chemical  compoaition  of  the  gaseous  medium  through 
whioh  it  paases.  The  character  of  the  sparks  depends  also  <m  the  form, 
area,  and  electrical  intensity  of  the  discharging  surfaces,  lilcewise  on 
the  kind  of  eleotricity  on  the  conductor  in  whicli  the  spark  originates ; 
from  the  negatiye  conductor  the  sparks  are  far  less  dense  and  powerful 
than  those  from  positive  electricity.  ^^8 

Kinnersley'a  thermometer,  fig.  5M,  shows  the 
agitation  and  espansion  of  the  air  folluwing  an  oleottica! 
eiplosion.  A  portion  of  water  in  the  larger  vessel,  which 
is  ait-tight,  communicates  froely  with  the  small  open  tube, 
attached  to  tho  foot,  and  ending  in  a  narrow  glass  tube. 
When  an  electrical  discharge  takes  place  through  the  ap- 
paratus, the  oonseqoent  expansion  of  the  air  Tiolentlj  raises 
the  column  in  the  smaller  tube,  but,  after  the  commotion  is 
over,  the  fluid  gradttttlly  regains  its  original  level,  as  the 
adr  in  the  larger  vessel  cools.  The  ehclricai  mortar  dis- 
charges its  ball  b^  the  force  of  air  elpaoded  at  the  moment 


Th 


I  th       1 


d  th  t 


*dg 


f      pow    f  1  flash    f  1 

d       m  t  It 

p     p!         dg 


I  apaib — *ir  day 

d  dry  cl  1      1    dr  c 

It     wth  a  Ight  Hush 

I      th     1  eivy   thunder 

ummer  the  1  ght 

^      d  «t  nctly  purple 


sen   1 


I    blu( 


k  >1       und;  In  hydrogen 
d  d      pp  h 

fled ,  in  oarhonio  acid  the  color 
irregular;  in  oxyd  of  carbon  it  is 
in  chlorine  it  is  green. 

The  litUe  apparatus,  fig.  600,  is 
well  calculBled  to  show  Ibcae  effects 
by  contrast  at  one  view.  The  three 
tubes,  o  o' o",  are  respectively  filled 


in  its  way  to  the  ground  by  e. 
Tbe  elsotiioal  dlacliarge 


green,  and  the  form  of  spark  vetj 


tuft  of  light  uniting  the 
ductiro  Ihe  apparatus  fig  bOl  is  designed  to  show  these  effects. 
i  large  egg  shaped  glasi  ves^ic!  is  mounted  at  the  lower  extremity 
wiA  a  stopcock  for  attaching  it  to  thi,  air  puinp  m  rier  to  r» 
50 
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move  tlie  whole   or  a  part  of  the 
alcohol,  ether,  or  any  other  gas  not 
liraaa.   B;  the  rod,  A,  conaection  is  established 
with  the  electrical  machine,  while  the  distance 
between   the   electrical   poles,   B  C,   maj   be 
adjusted  bj  sliding  the  upper  rod  in  its  air- 
tight  socket.     This   apparatus   is  callel   the 
electrical  or  philosoph    al  egg      The 
air,  the  more  globular  heoomes  the  ><phi 
and,  at  the  same   time    less  >nlltant 
auroral  tube  is  odI;  a  modifi  ation  of  the 
apparatus. 

Ttia  apparatus  is  ala"  used  k  th  splend  d  ffeot 
with  the  Induction  cuiL 

Difference  between  the  positive  and 
negaUve  spark.— Tl  e  tuft  of  1  J  t  fr  n 
positive  electricity  is  farm  re  1-e^ut  ul  hin 
that  from  negative,  as  seen  fron  602 

the   ends   of   two   po  nts      Tl  us 
while  positive  electric  tv  g    es  in 
opening  sheaf  of  light    negat  v« 
electricity  gives  only  a  small  star 
fig.   602.     In   rarefiei    ar    these 
differences   are   much  less    appa- 
rent.   Faraday  suggeata  that  they  are  di 
with  which  negative  electricity  esoapei 
positive,  as  conductors  negatively  charged,  lose  thoir 
eioitement  sooner  than  those  positively  charged. 

The  diamond  jar.— To  show  that  the  coatings  of 
the  jar  convey  the  electricity  collected  on  the  glass 
to  the  point  where  it  meete  the  cause  of  d  schar^n   a 
jar  may  be  coated  with  metallic  filingn  flg  60J   or 
patches  of  tin-full,  fig.  604,  cut  in  lozenges 
(a  diamond  jar).    The  wire  of  the  jar   is 
bent  over,  as  in  fig.  603,  so  as  to  bring  tlie 
ball  near  the  outer  coating,  wh: 
by  a  chain  with  the  earth.     When  thi 
chine  (on  whose  arm  this  jar  is  hun 
worked,  a  brilliant  spark  is  seen  at  i 
Tals  to  dart  from  the  knob  to  the   < 
coating,   and  thence   to   spread   in 
courses  over  the  whole  surface. 

Solntillating  tube  and  magic  aqi 
-  --Every  collection  of  electrical  apparatus 
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of  apparatus,  illustrative  of  the  phea< 
Boin  til  latin  g  tubs,  fig.  605,  like  the  jai 


na  of  the  electric  s] 

fig-  60^,  has  rows  of  loienge- 


shaped  pienes  of  tin 
whon  held  bj  the  band,  as  shown 
from  point  to  point  at  the  same 
agreeable  effect. 


ftUj  in  a  spiral,  and, 
in  the  figure,  the  eleetricltj  flashes 
apparent  instant,  producing  a  most 


The  ; 


<  on  irbich 


4Ra.tCerine    meislli 

effect  19  produced  ea  upon  tlie  jar, 
fig,  603. 

853.  ESects  of  the  electric 
discharge.— The  effcots  of  the 
electric  discharge  are  chiefly, 
1st,  physiological ;  2d,  pbjsi- 
oaj ;  3d,  mechanical ;  4th,  che- 
mical. The  passage  of  the  electricities  through  bodies,  i'  'Jometimes 
impeded  bj  their  bad  cmductirg  power,  or  bj  want  of  proper  dimen- 
sions i  and,  in  either  case,  a  powerful  electric  discharge  manifests  itself 
in  one  of  those  modes. 

834.  Pbrsiological  effeota.— These  are  seen  in  the  shock  ouppii- 
enced  by  all  living  beings,  in  the  passage  of  electricity  through  iuit 
of  their  members.  Any  number  of  persons,  joined  baud  to  hand,  will 
receive,  at  the  same  instant,  the  shook  of  an  electric  battery.  Abb* 
Nollet  imparted  it  to  over  six  hundred  persons  in  his  convent  at  one 
time — those  in  the  middle  of  the  chain  being  little  less  affected  thati 
those  near  the  conductors. 


Many  useful  applici 
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tliis  ^ent  in  incdifiine,*  It  needa  hardlj  tn  be  said,  that  the  full  shock  of  a 
powerful  battery  will  destroj  life  in  man.  Sparks,  fliteen  or  eighteen  inebeB 
long,  begin  to  be  unsafe,  if  from  large  sntfaccs.  Small  animals,  aa  birds,  ore 
oasilj  killed  bj  a  moderate  discharge,  on  Ibe  labia  of  the  uniFcrsal  disehatger. 

Pig.  m. 

855.  Inflammation  of  combuatibles. — Although  no  sense  of  heat 
13  feit  when  the  liDuokle  receives  strong  sparks  from  an  active  machine, 
yet  the  smallest  Bpark  serves  to  inflame  ether,  whether  from  a  Leyden 
jar,  from  the  finger,  or,  more  strikingly,  from  an  iuiole  held  in  the 
fingers  of  one  mounted  on  an  insulating  607 

The  ether  is  placed  in  a  metallic  cnp,  and  11 
spark  EhOHld  be  drawn  oh  its  edge  moistened  wil 
ether,  fig.  607.  Gunpowder  placed  on  the  tab 
of  the  universal  discharger,  over  the  poinU  c 
the  rods,  a  a',  fig.  SBT,  is  simply  thrown  abon 
withOQl  being  fired;  but  if  a  wet  string,  i 
placo  of  one  of  the  condncting  wires,  forms  pa 
of  the  oonneetion,  its  retarding  power  is  such  i 
to  fire  the  powder.  The  lighting  of  gas  frni 
the  linger  of  one  charged  by  running  on  a  ca 
pet,  has  already  been  mentioned  {840.  (2])  Lycopodium,  alcohol,  a  newly 
extinguished  ciindle,  and  many  other  combustibles,  are  also  easily  inflamed  by 
the  spark.  Gold  leaf  conSned  between  two  glass  plates  with  the  edges  bang- 
ing out,  will  burn  with  the  esplosion  of  the  glass,  and,  if  held  between  cards, 
will  slain  them  with  purple  oiyd  of  gold.  Bilhouelto  likenesses  of  Franklio 
are  thus  printed ;  a  powerful  current  from  a  battery  is  needed  tor  this. 

856.  Chemical  union  efieoted  by  electricity.— A  raisture  of 
hydrogen  two  volumes,  and  of  oxygen  one  volume,  or  of  hydrogen  with 
seven  or  eight  times  its  volume  of  common  air, 
passing  through  the  containing  vessel,  e.  g. 
the  tin   air-pistol,  called  "  Volta's  pistol," 
fig.  608,  is  provided  vrith  an  insulated  c 
duotnr.ending  near  the  inner  gos 
surface  of  the  pistol  at  B. 
Its  mouth  is  closed  tightly 
by   a   cork,  and   the   spark 
iiaused  to   pass   hy  hohling 
it  near  the  prime  conductor, 
fig.  609,  or  to  the  electro 
phorus.     The   cork  i''  then 
violently  eipelled   by  the  esp 


ixploded  hy  ft  spark 


*  Consult  Oarratt's  Electr 
Ding's  Medical  Electricity. 


)-rhy5ii 


J,  1860,  Svo.,  pp  708;  or  ChaB 
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Tolta'B  electrical  lamp. — A  self-rega luting  hydrogen  apparatus  is 
Been  in  fig.  610,  similar  In  its  action  to  the  common  iiydrogen  lamp, 
with  platinum  springe.  In  its  base  drawer 
te  an  electmphorus,  *-P,  the  plate,  P,  of 
which  is  alnays  oliarged.  A  silk  cord 
connects  the  upper  plate. P,  with  the  gia 
oock,  R,  in  such  a  way  that  v  hen  the  gaa 
in  T  is  drawn,  the  cum mvini cation  is  ef- 
fected at  o,  with  the  insulated  wire,  t', 
and  the  electricity  thua  finds  its  way  in 
a  spark  between  the  buttons  at  0,  and 
escapes  m  the  earth  by  (.  As  the  hydro- 
gen is  flowing  at  that  moment  from  the 
jet,  it  is  inflamed,  and  kindles  a  little  J 
candle  standing  in  its  path.  Every  ti 
the  cook,  B,  is  moved,  the  plate.  P,  rii 
and  coramunicates  a  spark.  With  ci 
this  instrument  remains  in  action  for  weeks,  from  u  single  e. 

857.  The  mechanical  effects  of  the  electrical  discharge.— Any 
thin  non-conducting  substance  placed  between  the  balls  of  the  univer- 
eal  discharger,  is  either  pierced  or  broken  where  the  fluid  passes.  The 
phenomena  attending  these  eiperimenta  a 
point  of  theory. 


When 
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D  thi 


nn  seen  in  fig.  611, 
i:  hole  will  he  made  through 
f  fhe  fluid  ia  concentrated  by 
The  hole  is  cironlar,  atarred, 
ns  filled  with  the  powdered 
a  powerful  battery  to  pietee 
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lure,  or  dispei-aicin  of  non-ooadaotiug  bodies,  may  be  gathered  [lom  the  largei 

858,  The  chemical  effects  of  statical  electricity  are  generally  fee 
bio.  Beaiiies  those  before  alluded  to  (856).  Wollastun,  with  very  fiD« 
points  of  gold  wire  immeraed  in  wat«r,  decomposed  water  in  very 
small  qunutit;.  A  paper  moistened  with  iodid  or  bromid  of  potassium, 
is  stained  brown  bj  the  electrical  discharge  when  it  ia  laid  upon  the 
scintillating  square  (fig.  606).  Oleflant  gn«,  sulphuric  acid,  chlorohj- 
dric  acid,  ammonia,  and  nitrous  oxyd,  are  decomposed  bj  the  electrii? 
discharge,  with  the  separation  of  their  constituent  elements,  and  ear- 
bonie  acid  is  decomposed  into  osjgen,  and  oxyd  of  carbon.  The  ele- 
ments if  the  air  unite  under  a  prolonged  series  of  sparks  (Priestley), 
to  form  nitric  acid  (Cavendish),  and  lightning  in  the  atmosphere  forms 
the  same  compound,  as  the  analysis  of  rain-water  has  shown  (Liebig). 
Numerous  other  evidences  of  the  chemical  effects  of  electricity  have 
been  recorded ;  perhaps  the  most  important  of  these,  is  that  atmo- 
spheric effect,  called  ozone, 

859.  Ozone.— This  term  is  derived  from  the  Greek,  in  allusion  tc 
the  peculiar  odor  which  is  always  perceived  after  an  electrical  discharge 
or  excitation  of  a  machine,  and  sometimes  improperly  compared  to  the 
odor  of  sulphur,  which  it  does  not  at  all  resemble.  It  ia  due  io  a  re- 
markable state  or  condition  induced  in  oxygen  gas  by  electricity  {and 
by  several  other  causes  also).  Mr.  Schonbein,  of  Basle,  has  devoted 
himself  to  the  study  of  the  curious  properties  of  thia  singular  product, 
the  record  of  which  belonga  rather  to  Cheraiatry  than  to  Physics. 

86G.  Franklin's  bite.— We  owe  to  Dr.  Franklin  the  demonstration 
(hat  the  phenomena  of  a  thunder-atorni  are  due  to  electricity,  identical 
with  that  excited  in  electrical  experiments.  He  proposed  two  modes, 
in  1749,  by  which  he  aupposed  electricity  might  be  drawn  from  the 
clouds.  Dalibard,  at  his  suggestion,  erected  in  the  open  air  near  Paris, 
in  1752,  a  pointed  and  insulated  iron  rod,  40  feet  long.  On  the  10th 
nf  May,  1752,  electrical  sparks  were  obtained  from  this  rod,  with  the 
usual  anapping  sound.  In  June  of  the  same  year,  Franklin,  tired  of 
waiting  fbr  the  erection  of  a  tall  spire  in  Philadelphia  on  which  to 
place  his  pointed  conductor,  conceived  the  idea  of  reaching  the  higher 
regions  of  the  air  by  a  kite.  Thia  he  formed  of  a  silk  handkerchief 
stretched  over  two  light  cedar  aticks.  It  had  a  pointed  wire  at  top, 
and  a  silken  cord  insulated  the  hempen  string,  at  the  lower  end  of  which 
he  tied  an  iron  key. 

Watching  the  approach  of  a  thunder-atorm,  he  raised  the  kite,  and 
atlon  ha  1  the  satisfaction  of  seeing  the  fibres  of  the  hempen  string 
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bristle  and  repel  each  other,  and  finally  wlien  the  rain  had  rendered 
the  string  Bufficieiitlj  a  conductor,  he  cujoyed  the  unspeakable  satiafae. 
tion  of  seeing  long  eleutrieal  sparks  dart  from  the  irun  key.  Thus  was 
realized  by  actual  experiment  one  of  the  boldest  conceptions  and  most 
interesting  discoveries  in  the  history  of  science. 

Efforts  hare  baen  made  to  rob  Franklin  of  the  honor  of  this  diaoevery,  tnt  it 
is  one  thing  to  suggest  that  two  phenomena  inaj  bo  identical,  and  quite  aoothei 
thing  to  prove  it,  Dalibard'a  eiperiments  were  undertaken  at  Franlilin'a  Bug 
gestions  and  bardl;  preceded  his  own  in  date. 

These  experimentB  were  everjwhero  repeated,  and  it  soon  became  evident  thai 
they  were  far  from  being  free  from  danger.  Romas,  in  June,  irS3,  during  a 
thunder-storm  in  Prance,  drew  flashes  of  electrical  fire  ten  feet  long,  from  a  kite 
r.iised  by  a  string  650  feet  long.  The  experiment  was  accompanied  by  every 
evidence  of  intense  electrical  tenaiou  in  the  attraction  of  atraws,  the  sensation 
of  apiders'  webs  over  the  facea  of  the  spectators,  and  in  the  lond  reports  and 
roaring  sounds,  eimilar  to  the  noise  of  a  large  bellowa.  In  Angusl,  17S3,  Prof. 
Riehmann,  of  St.  Pelersburgh,  lost  bis  life  while  engaged  in  similar  experiments, 
Cavallo,  in  London,  in  1777,  obtained  enormous  quantitiea  of  atmoapherio  elec- 
tricity by  an  eleetrioal  kile,  and  noticed  that  it  frequently  changed  its  oharacter 
as  the  kite  passed  through  different  layers  of  the  air.  In  telegraph  ofGces  during 
a  thunder-storm,  vivid  sparks,  often  TSry  inconvenient  and  not  without  danger, 
are  constantly  flowing  from  the  receiving  inatrnmenta,  being  induced  on  the 
ere,  during  thunder- slorma.     (Henry,  Am. 

861.  Free  electricity  In  the  atmosphere. — That  the  atmosphere, 
besides  the  combined  electricity  proper  to  it,  contains  also  at  all  times 
free  electricity,  is  proved  by  raising  .an  insulated  conductor  a  few  feet 
into  the  air,  as  by  a  long  fishing-rod,  and  connecting  it  with  the  con- 
denser of  the  electrometer,  the  leaves  of  which  will  diverge  sensibly 
when  there  is  no  sign  of  any  thunder-storm.  Near  the  earth  (say  within 
three  or  four  feet),  no  evidence  of  free  electricity  can  he  detected,  but 
as  we  rise  in  the  air,  its  force  constantly  increases.  Becquerel  and 
Breschet,  sent  up  arrows,  attached  to  a  tinsel  cord  ninety  yards  long, 
from  the  top  of  the  Great  St.  Bernard,  while  the  other  end  was  con- 
nected with  the  condenser  of  an  electrometer;  they  found  that  the  gold 
leaves  diverged  in  proportion  as  the  arrow  rose  higher. 

It  appears  from  espetimeots  like  these  and  others  made  ehiefly  by  Ivunalds, 
of  Kew,  that  the  atmospheric  electricity  increases  and  decreases  daily,  twice  in 
twenty-four  hours,  and  tbe  following  general  results  are  established. 

after  annriae — diminiahes  towards  noon — increaaea  again  towards  sunset,  and 
tb      decre  <«    t         d       ght  after  which  it  again  increases. 

2d    Th      loot       I    t  te    f   he  apparatus  is  disturbed  by  fogs,  rain,  hail,  sleet, 
w      I  h      these  approach,  and  then  ohanges  frequently  to 

p  w  th      b    q       t        t  nued  changes  every  throe  or  four  minutes. 
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Numerous  hypotheses  have  been  put  fupward  to  accuuat  for  what  bna 
been  considered  the  free  eteetrioity  of  the  atmosphere.  Prof.  Henry, 
ftfter  QD  attentive  slodj  of  tlie  whole  aubjeut,  feels  compelled  to  rejeel 
them  all  as  inaufficient  except  that  of  Poltier,  which  refers  these  pheno- 
mena not  to  the  excitement  of  the  air,  bat  to  the  inductive  action  of  the 
earth  on  its  non-conductiag  atrial  envelope.  This  view  inrolves  the 
assumption  that  the  earth  was  in  some  way  primarily  eleetriGed.  It  is 
a  fact  that  the  earth  ia  always  in  a  state  of  negative  eseitement,  as  waa 
shown  by  Volta,  who  fur  this  piirpi>se  received  the  spray  from  &  cascade 
on  the  balls  of  a.  sensitive  electrometer,  when  the  leaves  diverged  with 
negative  electricity.  (See  an  able  article  on  Atmospheric  Electricity 
by  Prof.  Henry,  Patent  Office  Report,  Agriculture,  1859,  p.  485.) 

The  subject  of  atmospheric  electricity,  especially  the  deaoription  of 
electric  meteors   is  more  properly  referred  to  Meteoroligy 
i  3    Dynamical  Electricity 

862  Discovery  of  galvanism  — In  1-Sb  Luigi  Galvan  piofessor 
of  anitomy  in  the  Ln  vers  ty  <f  B  I  f,na  while  engaged  uj  n  a  1  ng 
seres  uf  it  sprvuti  n^  n  the  effpcts  of  atm  spheric  electricity  upon 
animal  organisms  noticed  that  the  legs  of  s  me  fr<gs  prepared  f  r 
experiment*'  hetarae  tinvulsed  alth  ugh  dead  and  mitilated — when 
the  \Brtebrfe  with  portions  of  (he  lumbar  nenea  were  pre  sed  tgiin'tt 
the  iron  railing  of  the  window  balcony  where  they  61 

were  pla  ed  tmiting  the  use  f  r  whuh  they  had 
been  lo'Signed  Repeilmg  this  novel  and  curi  u 
ob''ervati  n  in  various  ways  he  soon  fiund  that 
the  convulsions  were  strongest  when  he  made  ci 
nection  by  means  of  Itno  melals  between  the  lumbar  " 
nerves,  and  the  esterior  muscles  denuded  of  the 
skin,  as  shown  in  fig.  013,  where  rods  of  copper  and 
zinc,  being  thus  held,  convulse  the  leg  into  the 
position  shown  by  the  dotted  line.  But  contact  of 
netals  with  the  animal  tissues  he  found  not  to  be 
eisenliat  to  produce  these  convulsions,  since  they  o. 
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He  did  not  «ork  out  all  the  teachings  of  hia  own  discovery,  being  more  inte- 
rested in  demonstrating,  as  be  did,  the  exislenee  of  a  true  animal  electricity, 
developed  between  the  outer  aurfaee  and  the  neryea.     The  physieal  branch  of 

years  of  hia  life  to  the  study  of  animal  elaotrioity.  Volta's  doctrines  Galvani 
never  accepted,  and  died  in  17S8,  before  the  Voltaic  Pile  was  given  to  the  world. 
In  the  department  of  vital  electricity,  Oalvani's  labors  have  been  justly  appre- 
ciated only  in  our  tJme,  having  been  naturally  eclipsed  in  bis  own  by  the  splendid 
discovery  of  the  Voltaic  Pile,  and  the  crowd  of  wonders  following  in  ils  train. 

The  sMiry  usually  found  in  test  books,  of  the  oocidental  discovery,  in  17S0, 
of  tbe  new  ecieuoe  by  the  twitching  of  frogs'  legs,  prepared  for  the  repast  of 
Madam  Galvani,  is  a  .fabrication  of  Alihert,  an  Italian  writer  of  no  repute. 
Galvani  had  Ihen  been  for  eleven  years  engaged  upon  a  laborions  BCries  of 
electro- physiological  experiments,  using  frogs'  legs  «»  eleelnteropei.  No  great 
truth  was  ever  discovered  by  oceidciil,  and  years  of  laborious  research  had  pre- 
pared the  way  for  this  discovery.  It  is  undoubtedly  true  that  nbat  we  find  ii 
often  more  important  than  what  we  seek,  bat  it  is  retearch  and  not  aecideni 
which  mokes  tbe  discovery.  Bvery  hypothesis  is  good  which  bears  fruit  in  dis- 
covery ;  but  to  accept  the  discovery  and  reject  (he  hypothesis  when  no  longer 
fruitful,  nqulces  all  the  self-denial  of  tbe  highest  pbiluaopby,  and  is  a  noble 
attribute  of  tbe  greatest  minds. 

863.  Origin  of  Volta  s  diaoovety  — Contaot  theory  —  V  lopling 
at  the  outset  with  thp  ^roitest  ti  tl  uaiaim  tl  e  vitaliot  hyjiolhesis  of 
Giilvani,  Volta  came  after  n)  long  tune  b.  the  cnnviotDn  that  the 
electrical  effects  attributed  1  y  Gahani  ti  the  animal  elactricity  of  the 
frog,  were  really  due  (u  the  corUaet  of  dissimilar  subslaaoes  and  that 
the  fn>gs'  li[iibs  were  only  the  sensitive  electrosope  adipted  tt  indicate 
the  electrical  current  developed  by  the  two  unlike  metals.  Bath  disco- 
verer saw  but  half  the  truth.  Thus  originated  his  celebrated  "  contact 
theory;"  a  view  of  the  source  of  dynamic  electricity,  that  long  held 
alnnrat  universal  sway  over  scientific  opinion  until  gradually  supplanted 
by  tlie  electro-chemical  tJmory,  which  refers  these  phenomena  to  chem'^ai 
aclioa, 
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Thia  discovery  immediately  led  to  the  second,  and  by  far  the  most 
celebrated  of  Volta's  discoveriea,  viz.,  the  Voltaic  pile,  or  battery. 

864.  VoUa'8  pile  or  the  Voltaic  battery. — Every  form  of  appa- 
ratus designed  t  pro  1  e  a  c  rent  of  dynamic  electricity  is  called  a 
battery  or  pil  ^  !ti  s  o  g  nul  apparatus  was,  as  its  name  implies,  a 
pile  of  alternate  Iver  and  z  n  d  sks  laid  up  as  in  fig.  614,  with  disks 
of  paper  or  tloth  between  them  m  tened  with  brine,  or  acid  water. 
This  arrangeme  t  w  s  nore  cu  nmonly  made  with  alternate  diakaof 
copper  (C)  and  x  no  (Z)  are  I  eing  taken  always  to  observe  tbe  order, 
copper — cloth — z  nc  The  term  »1  disks  were  provided  with  ears  for 
ihe  conven  ent  attach  ent  of  w  ei  Thus  arranged,  the  following 
eharaoteristie  results  are  b  errel  1st.  The  ■pile  being  insulated  by 
glass  or  resin,  touch  Z  with  the  plate  of  the  condenser  (covered  with 
silk),  while  the  finger  rests  on  C,  and  then  apply  the  plate  to  the  con- 
denser ;  the  gold  leaves  will  indicate  strong  vitreous  electricity.  2d. 
Reverse  this  order,  touching  C  with  the  plate  while  the  finger  h  on  Z, 
and  a  strong  charge  of  resinous  electricity  is  received. 

The  pile  may  be  regarded  as  a  Leydan  jar,  or  electrical  battery,  per- 
petually charged,  and  capable  of  re-charging  itself  as  long  as  the  given 
conditions  are  maintained. 

Thjse  results  may  be  repeated  an  indeSnite  number  of  times,  as  long 
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Bach  touching  couplet  ut  opper  and  zini,  innv  be  wldered  together, 
tinl  ia  then  called  a  couple  pair  or  vallate  element  Any  two  metnls 
of  onlike  properties  rany  be  substituted  f  r  the  6H 

line  and  copper,  with  the  same  result" 

The  end  of  the  pile  which  yields  vitreou 
elactricitj  is  called  its  poailue  pole  and  th  it 
which  yields  resinous  electricity  is  called  t1  e 
negativepote;  a,  name  also  applied  to  the  wire" 
or  conductors  connecting  the  two  pi  lea 

Arranged  as  in  lig.  614  the  pile  when  its 
poles  are  joined,  gi*es  a  decided  shock  aimilar 
to,  but  less  inteofie  than,  that  from  statical 
electricity.  On  breaking  ontact  between  the 
poles,  a  brilliant  spark  of  voltaic  electricity  is 
seen  ;  and  if  the  wires  end  in  pointe  of  gild  or 
platinum,  inserted  in  water  without  mutual 
contact,  a  flow  of  gas  bubbles  from  them  an 
uounces  the  decomposition  of  the  water  W  e 
thus  classify  the  effects  of  the  pile  into  physxo- 
logical,  pkysteal  and  themical  phpn'nieni 

The  discovery  of  the  pile  Tolta  announced  in 
March,  1800  to  Sir  Joseph  Binks  both  in  the 
form  just  described  and  also  the  crown  of  cups 
[Couronne  dea  ia^ses)  a  aeries  of  twenty  gias' 
gjblets  arranged  in  a  circle  with  wires  gju- 
necting  the  +  and  —  elements  of  each  cup  to 
the  opposite  of  the  i  cit 

This  list  IS  the  type  of  all  modern  hitterip'i 
with  separate  cells  He  classified  its  effect"  but  made  no  m'utim 
of  its  power  of  i  hemical  decomposition  a  property  he  liad  not  then 
observed  This  last  power  was  immediately  discovered  by  Nithuloon 
ind  Carlisle,  in  Jjondon,  on  the  2d  of  May,  1800.  Aside  from  Volta's 
theoretical  notions,  history  will  ever  assign  him  a  high  place  as  a 
philosopher,  and  as  having  by  his  genius  blessed  the  world  by  one  of 
tlie  greatest  and  most  fruitful  discoveries  in  science. 

Distinction  between  Voltaiam  and  Galvanism. — It  will  be  seen 
that  Yoltaium  and  the  Voltaic  pile  are  terms  properly  applied  only  to  the 
discoveries  of  Voltd,  and  that  the  term  ffalvanin  batlet-y  is  a  misnomer,  Gal- 
vani  never  having  seen  such  an  instrument.  The  term  Galvanic  fluid  is 
justly  applied  to  animal  efa(rii;%,  which  Galvani  was  the  first  to  discover. 
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865,  Quantity  and  iuteasity. — Tliere  is  a  very  marked  difference 
between  the  tension  of  the  eleetrieity  from  the  Voltaic  pile,  and  that  of 
friotioD.  No  sensation  follows  the  touch  of  either  pohi  of  a  Voltaic 
battery  singly ;  both  p<iles  must  be  touched  siinultaoeously  in  order  to 
perceive  the  shook.  The  projectile  fiirce  in  Voltaic  olectricitj  is  so 
nearly  null,  that  in  the  most  energetic  and  extensive  series  of  cells,  tlie 
terminal  points  must  be  brought  indefinitely  near,  or  into  actual  con- 
tact, before  an;  current  is  established,  unlesa  in  vacuo.  The  intensity 
of  the  battery  is  however,  under  some  circumstances,  increased  by  re- 
duplicating the  number  of  couples  of  a  given  size  (see  |  881).     The 

motion  in  the  Voltaic  battery  depends  not 
i,  but  on  the  extent  of  siir/ace  brought  into 

action  in  each  pair,  the  conducting  power  of  the  interposed  liquid,  and 

also  upon  the  external  resistance. 

The  viewa  formerly  ejpressed  by  most  autliors  on  tbe  eubjoct  of  quantitj  and 

"  law  0/  Ohm  /'  for  a  discuaaion  of  piilch  OQiapiiro  g  831, 

866.  Simply  Voltaic  couple.— Whenever  two  unlike  substances, 
moistened  by,  or  immersed  in,  an  acid  or  saline  fluid  are  brought  into 
contact,  a  Voltflio  circuit  is  established.  The  earliest  recorded  obser- 
vation on  this  subject  (Sulaer's),  was  the  familiar  experiment  of  a  silver 
and  copper  coin,  oc  bitof  zinc,  placed  on  the  opposite  sides  of  the  tongue, 
and  the  edges  brought  together,  when  a  sharp,  prickly  sensation  and 
twinge  is  felt,  and  if  the  eyes  are  closed,  a  mild  fiash  of  light  is  also 
Been,  In  this  case,  the  saliva  is  the  saline  fluid,  exciting  a  Voltaic 
current  due  to  its  chenjical  effect  on  the  sine  or  copper ;  and  the  nerves 
of  sense  are  the  electroscope.  The  action  depends  on  contact,  and 
ceases,  or  is  renewed,  as  often  as  this  is  broken  or  made. 

In  fig.  615,  wo  have  the  simplest  form  of  Voltaic  battery,  a  aJip  of  amalga- 
mated zinc,  Z,  and  another  of  copper,  C,  ImraerBed  in  a  glMs  of  water,  acidulated 
hy  sulphuric  acid.     When  those  strips  touch  (either  within  or  615 

the  line  k>  the  copper  in  the  fluid,  and  from  the  copper  to  the 
gsiue  in  the  s,\t,  m  shonn  by  the  arrove.  The  polarity  cf  the 
ends  in  the  air  is  the  reverse  of  that  in  the  acid,  aa  shown  liy 
the  sigDs  plua  and  minus.  This  is  analogous  M  the  decompo 
sitioo  of  neutral  eleefiieity  In  a  rod  of  glass  or  of  wai  While 
contact  is  maintained,  either  directly  or  hy  eondncting  wire= 
evidcneo  of  chemical  aetion  is  seen  in  tho  c< 
liuhhlea  (hydrogen)  from  the  sine  to  the  eoi 


The  direction  of  the  Voltaic  current  depends  entirely  on  the  nature 
of  tbe  chemical  actiDo  producing  it,    Thus  if  ia  the  arrangement  jugt 
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deaorilied,  strong  ammonia  water  was  used  in  place  of  the  dilute  acid, 
all  the  electrical  relations  of  the  metals  and  Oie  fluid  would  be  revctsed : 
Binoe  tlje  notion  would  then  he  on  the  side  of  the  copper,  and  the  zinn 
would  he  relatively  the  electru-negative  metal, 

8GT.  Electro -positive  and  electro- negative  are  rektive  terniN, 
designed  tu  express  the  mutual  relations  of  two  or  more  elements  ia 
referenoe  to  each  other.  Thus  zinc,  being  a  metal  very  easily  acted  on 
b;  all  acid  and  many  saline  solutions,  becomes  electro-positive  to  what- 
ever other  element  it  may  be  associated  with,  unless,  as  in  the  last 
section,  the  other  element  is  acted  on,  and  the  zinc  is  not,  when  it 
becomes  electro-negative.  Oxygen  is  an  element  which  acts  upon  eveiy 
other,  and  is  therefore  the  type  of  electro-negative  substances ;  g.dd, 
platinum,  and  silver,  being  among  the  least  easily  oxydized  metals, 
become  electro-negative  substances  to  all  others  more  easily  acted  on 
than  themselves,  and  therefore  these  are  lit  substances  for  the  negative 
element  of  Voltaic  couples.  In  chemical  works,  tables  will  be  found 
in  which  all  the  elements  are  grouped  in  this  relative  order  of  electro- 
positive and  electro-negative  power. 

868.  Amalgamation. — Commercial  zinc  is  seldom  or  never  pure 
and  tbe  foreign  substances  which  it  contains  are  such  as  to  stand  in  an 
electro-negative  relation  to  the  zinc.  A  slip  of  common  rolled  zinc, 
immersed  in  dilute  sulphuric  acid,  is  actively  corroded  with  the  escape 
of  abundance  of  hydrogen,  while  if  a  strip  of  chemically  pure  zinc  was 
osed,  no  action  would  happen.  (De  la  Rive.)  This  action  of  common 
zinc  is  oalled  a  local  action,  implying  the  existence  of  as  many  small 
local  Voltaic  circuits  as  there  are  particles  of  foreign  electro-negalJve 
substances  on  its  surface ;  each  of  which  constitutes,  with  the  contigu- 
ous particles  of  zinc,  a  minvite  battery,  and  thus  the  whole  surface  is 
presently  corroded  and  roughened,  and  the  power  of  the  whole  couple 
reduced  just  in  proportion  to  the  esteut  of  this  local  action. 

Rub  the  freshly  corroded  surface  of  such  a  piece  of  commercial  zinc 
with  a  little  mercury,  when  instantly  it  combines  with  and  brightflna 
tlie  whole  surface,  covering  it  with  a  uniform  coating  of  zinc  amalgam. 
This  perfectly  proteets  the  zinc  from  local  action  by  covering  up  the 
electro-negative  points,  and  makes  the  whole  surface  of  one  electrical 
name.  Zinc,  thus  aiaalgamoied,  may  be  left  indefinitely  long  in  acid 
water,  without  injury,  and  when  brought  into  contact  with  the  electro- 
negative element  of  a  Voltaic  couple,  it  becomes  a  much  m.-re  energetiu 
source  of  electricity  than  before. 

The  discovery  of  this  property  (due  to  Mr.  Kempt)  is  hardly  lesH 
important  than  the  discovery  of  the  battery,  for  without  it,  sustained 
and  manageable  batteries  are  impossible. 
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II.    B.*Tr( 
aCO.  Voltaic  batteries  p 
with  two  fluids. 

The  first  embraces  the  originaJ 
iiDglecell.     Thebatl 


oiiQstructed  for  a 


I  offfnpi  (sfli)  and  all  b. 


rolve 


E  clion 
erftllj,  o 


0  cells  of  wliateTBr 


«ltl.  a  single  ■ 


870.  Trough  batteries.— The  iDCOnvenienoe  of  Vultas  original 
form  cf  the  pile,  fig.  614,  led  to  plai.mg  the  elemeota  in  a  trough  aa 
seen  in  fi^.  616.  called,  from  the  eiS 

Inventor,  Cruiekahaok's  trough  i 
Each  uompound  couple  of  » 
and  copper  was  cemented  water 
tight  into  It  groove,  all  the  zinc 
facing  in  one  directiun.  The  filhng  of  these  tells  with  dUute  aoid  was 
a  tedious  operation,  with  extended  series,  and  as  the  zincs  were  not 
amalgamated,  the  best  force  of  the  apparatus  was  spent  before  it  could 
be  filled.  Davy  and  Nicholson  greatly  improved  the  trough  by  attach- 
ing the  couples  to  a  bar  of  wood  ei7 
by  straps,  conm,  as  in  fig.  617, 
and  Dr.  WoUaston  surrounded  e  n  I 
line,  2,  with  the  copper,  on  both  ^ 
sides,  thus  doubling  the  effectiiu 
surface.  Tbusarranged,  the  wholii 
series  could  be  plunged  at  one 
movement  into  glass  cells,  a  a,  or 
into  a  porceliun  tn>ugh  divided 
into  cells.  The  famous  battery  of  the  London  Royal  Institution,  (first 
used  in  May  or  June,  1810,)  was  a  series  of  2000  couples  of  this  con- 
struction, arranged  In  200  gluoa  or  porcelain  troughs,  ten  couples  in 
eachtrough,  each  plate  having  an  eEFei,ti\e  surface  of  twenty  two  stjuare 
inch?".  This  battery  was  placed  m  the  vaults  under  the  Royal  Insti- 
tution, where  its  hydrogen  and  acid  vapors  did  not  annoy  the  esperi- 
menter,  and  its  power  was  led  up  l)y  conductors  to  the  laboratory  above. 

The  battery  with  which  Davy  made  his  immortal  discovery  of  the 
metallic  bases  of  the  alkalies  (October,  1807),  contained  250  pairs  of 
plates,  made  in  1803.     [See  Am.  Jour.  Sfil.  [3],  SXVIII.,  279.] 

Hare's  calorimotor  oonBiatod  of  twenty  plntea  each,  of  copper  and  slnfl, 

large  elements  of  fifty  equare  feat  each,  or  two  hi  idted  square  iiot  of  ap«v» 
■urfaee  in  both  members,  all  plunged  by  ode  moi-emeiit  in  a  vat  of  aeM. 


d  by  Google 


ELECTBICITY.  575 

The  deflagrators  of  Dr.  Hare,  as  originatly  ooistrnot«d,  were  formed 
of  spirals  of  copper  and  lino,  rolled  with  n  narrow  epaee  between  tbem,  and  tiie 
apposing  melala  lield  from  contact  b;  wooden  strips.  Each  zinc  was  9  X  ^  is., 
sod  each  copper  14  X  8  i"';  ^^  *'■■''■  every  part  of  the  linc  was  opposed  to  the 
eopper  surface;  eighty  of  these  coils  wore  so  arranged  UQ  bars  of  wood  ae  to 
plunge  bj  an  easy  meohanism  into  glass  cylinders  containing  the  acid.     The 

made  Hare's  dcSagratars  as  much  superior  to  (he  earl;  trough  batteries  as  tli« 
bacierioE  of  two  fluids  are  superior  to  Hare's.  In  a  ver;  efReieat  form  of  Hare'a 
Jeflagrator,  the  memliera  were  conueeted  in  a  boi,  suspeoded,  to  revolve  on  an 
Rile  hiiring  another  box  placed  at  right  angles  to  the  first,  so  that  a  quarter 
revolution  of  the  apparatus  turned  on  or  off  the  exciting  acid  at  pleasure,  with- 
out deranging  the  connections,  which  were  established  through  the  axis  of  revo- 

A  battery  constructed  for  Prof  Silliman,  in  Boston,  in  1838,  on  the  plan  of 
■WoUftslon  and  Hare  combined,  contained  nine  hundred  couples  of  coppei  and  siai! 
(10  X  i  iu-  each),  exposing  five  hundred  and  six  square  feet  of  available  surface, 
arranged  in  twelve  parallel  series,  capable  of  being  used  consecutively  as  nine 
hundred  couples,  or  in  three  series  of  three  hundred  each.  One  plunge  immersed 
the  whole  battery,  and  when  this  instrument  was  Dew,  the  aroh  of  flame  between 
its  poles  measured  over  aii  inches, 

Mr.  Crosse,  and  also  Mr.  Gaesiot,  have  constructed  very  extended  scries  of 
trough  batteries  for  pbysiologioat  experiments!  the  former  had  twenty-four 
hundredpairsof  plates,  the  cells  well  insulated;  the  latter  put  up  three  thousand 
five  hundred  and  twenty  cylindrical  pwrE,  placed  in  cells  of  varnished  glass, 
and  Insulated  by  glass  pillars  varnished.  The  batteries  were  excited  by  water 
only.  Except  for  the  purposes  of  low  intensity  and  long-continued  action,  bat- 
teries of  this  description  are  now  no  longer  constructed. 

The  vtitnt  of  sustained  and  regular  action  iu  all  batteries  of  the  original  form, 
has  ted  to  the  contrivcnce  of  other  and  more  scientific  batteries;  some  of  the 
most  valaablo  of  which  we  will  now  describe. 

871.  Smee'a  battery  is  formed  of  silver  and  aniagalmated  zinc,  l-nd 
needs  bul^  one  cell  and  one  fluid  to  excite  il.     The  eiE 

silver  plate,  S,  fig.  618,  is  prepared  by  waabing  in 
nitric  ncid  to  roughen  it,  and  theu  coating  it«  Bacface 
jfith  platinum,  thrown  down  on  it  by  a  Toltaic  cur- 
rent, in  that  state  of  fine  d  s  on  kno  t  as  ptat 
Dum-btuck.  This  is  to  prevent  the  adhes  n  of  tl  e 
liberated  hydrogen  to  the  p  I  shed  8  I  er  Any  «  r 
face  of  polished  metal  rein  ns  a  film  of  gut  w  th  | 
singular  obstinacy,  thus  pre  en  n^  n  a  meas 
the  contact  between  the  flu  d  and  the  plate  The  I 
roughened  surface  produced  Iron  the  lepistofi-la  f 
tinura-blaok,  entirely  preveat?  th  s  The  z  nc  plate 
ez,  in  this  battery,  are  well  an  algamated  and  fice  I  tl  b  des  of  the 
silver.  The  three  plates  a  e  held  npst  nbyaelnpftat  lop 
while  Hie  interposition  of  a  bar  of  dry  vrood,  w,  preveuts  the  passage 
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of  a  uurrent  from  plate  to  plate.  Water  acidulated  with  oce-fieriintb 
its  buik  of  oil  of  Titriol,  or,  for  less  activity,  with  oaB'Siiltentb,  is  the 
exciting  fluid. 

The  surface  of  the  negative  plate  is  kept  clean  in  daily  use  by  occa- 
sional immerGion  in  chlorld  of  iron,  which  removea  all  foreign  sabstiincea 
deposited  oti  it.  For  large  eized  batteries,  the  silver  plates  are  made  bj 
electro  easting,  to  secure  entirely  plane  surfaces.     (Mathiot.) 

The  qaimdt;  of  «leoUicity  eicIMd  in  this  batterj  is  very  greet,  but  the  inlen- 
sitj  is  not  so  great  aa  in  tlie  compound  battflriee  prasantly  to  be  described.  Tliia 
battery  is  nearly  aonstaat,  dues  not  set  antil  the  polea  ore  joined,  and,  without 
any  attention,  vlli  maintain  a  nnifonn  flon  of  power  for  days  logether.  A  thick 
plate  of  lead,  well  silvered,  and  then  coat«d  witb  platinnm-blaflk,  will  answer 
eqnally  wall,  and,  inijood,  better  than  a  thin  plate  of  pure  silver.  This  bail,?ry 
is  recMinimanded  over  every  other  for  the  etndent,  as  oompriaing  the  great  requi- 
sites of  ebeapncBS,  simplicity,  and  constancy.  This  is  the  battery  generally 
employed  in  elect™ -mo tnllurgy.  Chester  has  patented  an  improved  form  of  this 
battery,  much  med  by  the  lelegrapii  cHmpanies.  It  is  the  only  single  fluid  bat- 
tery now  much  nsed  in  physical  experiments. 

Matbiot  has  described  the  form  uf  Smee's  batteries  nsed  in  tbe  large  electro, 
typing  operations  of  the  United  States  Coa  n  ey  fB  e  See  Am  J  ur. 
Sci.  [2],  XV.,  303.  6  a 

ST2.  The  salpbate  of  copper  battery  sde  gnedto  1] 
use  a,  solut'  n  f  sulpl  ate  f  copper  in  d  lut*  sulphur 
ai.  d  the  c  pper  ele  e  t  1  e  ng  made  to  eonta  a  the  e: 
e  t  ng  flu  d  This  batter  hg.  019,  is  used  1  r  ele  ti 
magnet  o  esper  n  ents  a  d  'Jthough,  it  so  be  u  i 
encumbered  th  a  p  Ip  f  metallic  u\  per  h  h 
down  on  the  z  ts  cl  eapness  and  con  ta,    y      11  al  v  ys    ender  t  u 

valu-ifle  instr    ue>  t 

11!.     DRY   FILES. 

873.  Diy  piles  of  Zamboni  an<3  DeLuc. — These  piles  are  con- 
structed of  disks  of  metallic  paper,  as  of  copper  nnd  «inc  (called  guld 
and  silver  papers),  placed  back  to  back,  and  alternating,  as  in  the  pile 
of  Volta,  fig.  614,  all  the  coppers  facing  in  one  direction.  Some- 
times zinc  paper  gilded  on  one  side;  or  zino  paper  smeared  witb 
black  oxjd  of  manganese  and  honey  on  the  other  side,  la  used, 
and  with  more  marked  effects.  Some  hundreds,  and  even  thousands 
uf  these  disks,  as  large  as  a,  quarter  dolbir,  are  crowded  into  a  glass 
tube,  just  large  enough  to  receive  them,  varnished  within  (ind  without. 
Screw  caps  of  metal  compress  and  retain  the  disks,  forming  at  the  snme 


e  metallic  connections  with  the  outer  pairs  to  propagate  the  eleotri- 
:ct.     A  feeble  curren   is  thus  set  up,  which  may  last  1  r  years; 
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Zamboni  (1612),  aod 
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tioQ  of  B,  small  electric  pendnlnm  (fig.  598),  alternately  atlracled  Jj 

und  repelled  between  the  eoJumna,  which  ate  in  the  aoDdition  cf  'fTT 

■  perpefiaUy-ehargedLeyden  jar  of  low  tension.    A  sol  of  these  ^"^d       N 

bella  rang  in  Yale  Colle       '  '                 "        "  ^        '' 
anceaaingly, 

Bohnenbetger'B  electroscope 

principle.  B  and  G,  fig.  620,  are  the  pi 
tween  which  hangs  a  single  gold  leaf, 
When  any  feebly  eleclrio  body  " 

opposite.     This  is  nndoubtedly 

IV. 

874.  Daniell'B  oonetaat  batteiy. — This  trulj  philosophical  instru- 
ment was  invented  in  1836 ;  up  to  which  time  the  im proven i eats  in  the 
original  Voltaic  pile  had  been  only  mechanical.  Prof.  J.  F.  DanieU 
of  London,  first  disoorered  and  applied  an  effectual  means  of  preserving 
the  power  and  continuing  the  action  of  the  apparatus  for  a  length  of 
time.  All  other  batteries  with  two  fluids  are  only  modifications  of  his 
original  inat. 


It  c 


cell  0 


Y 

ment;  a  porons  cylindrieal  cup  of  earthenware,  P  (or  the  gn                  1 

of  an  ox  tied  into  a  bag),  is  placed  within  the  copper  cell,  an 

The  outer  cell,  C,  is  charged  by  a  mixture  of  eight  parts  of  w» 

and  one  of  oil  of  vitriol,  saturated  with  blue  vitriol  (sulphate    f 

flopper).     Some  of  the  solid  sulphate  is  also  suspended  on  a  r 

forated  shelf,  or  In  a  gauxe  bag,  to  keep  up  the  saturation.     ' 

inner  ceil  is  filled  with  the  same  acid  wal*r,  hut  withoot  the  e 

per  salt.    For  the  most  constant  results,  he  used  a  saturated  sc 

tion  of  blue  vitriol,  made  slightly  acid  for  the  outer  cell,  and 

the  line,  twenty  parla  water  to  one  of  sulpburio  aeid.     Eigbl 

ten  bouts  ie  about  Ibe  limit  of  its  constancy.     Any  number 

cells  so  arranged  are  easily  connected  together  by  binding  sere 

! 

u 


The  hydrogen  from  the  decomposed  ■water  in  this  in 
^iven  off  in  bubbles  on  the  copper  side,  as  it  is  in  i 
simple  circuit  of  zinc  and  copper ;  but  the  sulphate 


posed  water,  and   the  hydrogen   takes  the  atom   of 

appropriating  its  oxygen  to  form  water  again,  while  metallic  copper  i 

deposited  on  f^e  outer  cell.    If  the  sine  is  well  amalgamated,  n,i  actio 
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of  any  sort  results  id  this  battery  until  the  poles  are  joined,  and  it  givei 
off  no  fumes.  Ten  or  twelve  such  cells  form  a  very  active,  constant, 
nud  economioul  battery,  and  twenty  or  thirty  are  ample  for  most  uses. 
Hot  solutions  increase  its  power,  while  the  extent  of  zinc  surface,  and 
not  the  diameter  of  the  copper,  limits  the  amount  of  electrical  effect. 

875.  Q-rove's  nitric  acid  battery. — Mr.  Grove,  of  London,  has 
saecessfuUy  applied  the  principle  of  Daniell's  battery,  to  produce  the 
most  powerful  and  intense  sustaining  battery  ,..„ 

known.    The  fluids  used  are  strong  nitric  acid 
and  dilute   sulphuric   acid,  kept  apart  t 
porous  jar.     The  metals  are  amal- 
gamated Kinc,  placed  in  the  sul- 
phuric acid  of  the  outer  vessel, 
acid  platinum  in  the  porous  vessel :    r 
Gg.  623  shows  this  arrangement 
cotnplete,  while  the  platinum  ele- 
ment, P  is  seen  isolated  in  fig.  622.  p  I 
Th  c,  upon  the  vase,  V,  " 

623  t     d   to  keep  down  the  strong 
ap  f   nitrous    acid    evolved 

■wh       th      battery   is   in    acti 
Th    bnd    g  screws,  ab.  serve 
u    t    th      lements  of  separata  pairs.     The  i 
plat       m   because  both  that  metal  and  the  nil 
u      d       n  uch  as  possible,  being  the  costly  parta  of  the  arrangement. 
F  t    ten  parts  of  water  are  used  in  A,  to  one  of  acid 

Th  a  t  n  of  this  battery  is  inlense  and  splendid.  The  hydrogen  is 
mm  d  a    ly  engaged   by  the  nitric   acid,  which   it  decomposes  very 

ad  ly  There  is  therefore  e.  double  chemical  action,  and  an  increased 
fl  w  f  1  tricity,  since  no  part  of  the  power  is  lost  in  combination. 
Th  fum  of  nitrouB  acid  are  partly  absorbed  by  the  nitric  acid, 
tu  n  g  t  at  last  intensely  green  ;  but  enough  are  evolved  to  render  it 
mp    t  n  to  set  the  apparatus  in  a  clear  spaee,  or  good  draught.    Four 

U  tl  platinum  three  inches  long  by  half  inch  wide,  decompose 
w  t  p  dly ;  and  twenty  such  cells  form  a  battery  giving  intense 

off    t      fight. 
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tinudied  and  siity-aii  aqnare  feet,  or  a  Hare's  battery  of  iibout  Ave  thousand 
live  hundred  square  feul.  Grove's  battery  is  rather  eostly,  «nd  very  trouble- 
■ome  to  manage,  as  ore  all  batteries  nith  double  cells  and  porous  eupn,  although 
the  trouble  iuv  -Ived  in  their  use  is  not  to  be  compared  nith  Uie  vexation  involved 
in  the  earlier  single  flaid  batteries. 

STB.  Caibon  battery, — The  great  cost  of  largo  members  and  esteD- 
jive  series  "f  Grove's  plutiniini  batterj,  led  ^^^ 

Prof.  Bunsen.  of  Marburg,  to  use  the  carbon 
of  gas  coke  as  a  substitute  fur  tlie  platJDum.  , 
Prof.  Siiliman,  Jr  ,  in  1842,  de-onbed  a 
batterj  (see  Am  Jour  Su  [1],  XLIII , 
393.  and  XLIV  ,  180),  in  whKb  natuial 
plumbago  was  used  in  plate  of  (lie  plati- 
num of  Grove's  arrangement  Ihia  was 
before  Bunsen's  appiritus  was  known  of 
in  this  country. 

I'ig.  624  ahows  the  original  form  of  Bunsen  s 
oells.     Where  the  parbm   C   ii  con(   med  in  an 
exterior  vase,  V,  of  nitnc  aoid  the  a  .ilgamated 
Einc  is  In  a  porous  cup,  P,  of  dilute  Eulphurii^  $ 
scid.     The  objeation  to  this  arrangement  i( 
large  consumption  of  nitric  aaid  and  smill 
ofthesioo.    In  the  Authors  plan   ofterwai  1    adopted  B"enlialh  bi  M  Delenil, 


625 


626 


■rrangement  ia  shown  in  detail.  P,  is  the  pile  complete.  P,  is  the  jar  of  hard 
pottery  to  contain  the  lino,  Z,  and  the  dilute  sidphurio  acid;  V  ia  the  porous 
vase,  to  contain  the  carbon,  C,  with  its  nitric  acid.  The  attachment  of  a  con- 
ductor to  the  carbon  is  aecompliahed  by  a  conical  hole  in  the  centre,  into  which 
■  plug  of  hammered  copper  is  crowded  with  a  wrenching  motion  If  prisms  of 
the  hard  carbon  of  the  gas  retorts  are  used  (and  (his  hind  of  oarboQ  is  unques- 
tionably the  best),  a  copper  hand  is  attached  l«  the  top  by  eleetro-galvanic  sol- 
dering.  The  carbon  of  Bunsen'a  cells  is  prepared  by  pulveriiing,  and  baking 
in  moulds,  the  coke  of  bituminous  coal.  Pig.  B26  shows  a  series  of  ten  cnpa  of 
the  carbon  battery  arranged  for  ose,  the  alternate  members  being  joined  by 
binding  screws,  as  made  by  Delouil,  of  Paris,  each  sine  being  twenty-two  oenti. 
metres  (eight  and  three-quarter  inches)  high.  As  the  electro -motive  energy  of 
Ibe  battery  iepeads  -m  siie  as  well  as  number,  these  large  members  have  great 
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nearlj  if  not  qnlte  as  good  na  platinno),  surface  for  aurfane.  A  butkrj  of  lift? 
cells,  like  &g.  62B,  costa  fifty-five  dollars  in  Paris,  and,  witli  eucb  a  aeiics.  all  Cbs 
moat  splendid  effects  of  the  electtio  light,  deflagrotiona,  and  chemical  deoompo- 

877.  Other  forms  of  Voltaic  battery  exist  in  great  mrioty,  but 
iDTOlviDg  no  prin(;i[>le  not  already  explained.  Some  have  speuiat  iiditp- 
tatiun  to  a,  particular  use,  like  Chester's  form  of  Smee's  battery  for 
telegraphic  use;  Farmer's  copper  battery  ;  the  battery  of  Bagration, 
!if  lino  and  copper  in  moist  earth  ;  or  Grove's  oxygen  and  hydrogen 
g  19  battery,  BO  instruotive  theoretically.  But  further  deseriptions  are 
excluded  by  want  of  space. 


878.  Polarity  of  the  compound  circuit,. — In  batteries  of  two  or 
more  couples,  connection  is  formed,  not  as  in  the  single  couple,  between 
members  of  tlie  same  cell,  but  between  those  of  different  names  in  con- 
tiguous cells,  ae  in  flg.  627,  where  the  copper  of  1  joins  the  zinc  of  2, 
and  so  on.  The  current  flows  from  the  zinc  to  the  copper  in  the  fluid, 
but  from  the  cupper  to  the  zinc  in  the  air  (fig.  628),  both  in  simple  and 


compound  circuits.  This  is  important  to  be  remembered,  since  the 
lino  18  called  the  electro-positive  element  of  the  series,  although  out  uf 
the  fluid  it  is  negative.  Consequenlly,  in  voltaic  decompositions,  the 
element  which  goes  to  the  z  nc  pole  is  tilled  the  eteclro  positive  ind, 
for  the  same  reason  that  which  goes  to  the  copper  is  the  tleetro-nega- 
tive  elempnt  Ihe  terminal  platen  Z  ai  d  C  in  1  and  5  fig  627  are 
not  concerned  in  the  electntal 
eff  t  b  g  in  fact  only  condu 
tt  f  th  electric  ty  and  heni.< 
th  y  m  y  be  removed  la  in  fig 
6  8  w  th  t  altering  the  power  ii 
nat  f  tl  e  battery  Ihcy  serve 
ft,  Ivasii.  nvenientmidi 

of  join'ng  the  poles,  as  in  flg.  629.    The  apparent  polarity  of  the  simpl* 
circuit  is,  therefore,  the  reverse  of  that  of  the  compound  circuit;  but, 


IMMMi 
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an  attentive  observation  of  these  explanations,  and  of  the  figures,  will 
prevent  all  confusion  un  this  point. 

879.  Grouping  the  elementB  of  a  pile,  in  varioua  numerical  rela- 
tions, is  an  important  means  of  modifying  its  power,  and  tlie  oliarncter 
of  its  effects,  already  esplnined. 

Take,  for  example,  aii  cups,  aa  in  fig,  630,  ai 


,0  the  r< 
I,  tbe  niaiiiiium  ii 


Cbaa 


gronpaonhreeeoe 

h,  the  quantity  is 

doohled, 

Kitb  half  of  the  i 

ntensity,  flg.  631. 

In  fig. 

832,  are  three  gro 

iUpB  of  two  fiups 

arranged  as  1«  pi 

the  8t.r- 

face  in  630,  with  i 

I  proportionala  le 

Unsity.    Lastlj,  in  fig.  633,  each  i 

I inc.  and 

each  copper,  joini 

indnotor. 

ea«h    en    its    own 

side,   throwing 

the    six 

couples  into  one  i 

Burfaoe  of  eii-fold  extent 

to  fig.  630.     The 

arrangement  mn, 

y  be  ei- 

pressed,  assuming 

the  resiatanoB  of 

a  single 

eup as  unity,  thus: 

.1.     |  =  1S.     1 

-=  0-666. 

4=0166,  and  BO 

fotanjn„mi.erol 

•couplea. 

8S0.  Slectrlcal    retarding   power 
of  the  battery. — Ohm's  law. — A  cer- 
tain  resistance   to   the   pussage   of   a   voltaic   current   is   offered   1 
every  additional  element  placed  in  the  circuit  as  well  as  by  increased 
length  of  conductor.     The  new  properties  thus  acquired  by  the  com- 
pound circuit  have  been  already  alluded  to  (S65). 

Ohm,  of  Berlin,  in  1827,  firat  demonstrated  mathematically  the  law 
regulating  the  flow  of  electricity  in  the  compound  battery.  As  the  ap- 
paratus is  composed  solely  of  conductors  of  different  retarding  power, 
the  electric  current  must  proceed,  not  only  along  the  connecting  wire, 
from  pole  to  pole,  but  also  through  the  whole  apparatus ;  the  resistance 
offered  to  the  passage  of  the  current  consista  therefore  of  two  parts,  one 
exterior  to,  and  one  within,  the  apparatus. 
f,  634,  represent  a 


icity  e: 


s  of  the 


gin 


will  diffi 
634 


elecWicity  pass  through  all  sections  of  tbe  ring  in  the 
Assuming  (hat  tbe  passage  of  the  finid  from  one  oros! 
the  ring  lo  another,  is  due  to  the  difference  of  eleetrica: 


proceeding  fiom  A,  must  decrease  in  tension  (he  farther  they  rerede  from  the 
Btsrting  point. 

This  decreasing  tension  may  be  repreeenled  by  a  diagram.     Suppose  (he  ring 
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the  electric  tall,"  as  Ohm 

calls  it,  will  be  less  in  the  case  of  the  thick  wire  than  of  the  thinner,  as  shown 
by  the  line  B  o  in  tbeflgnre.  The  result  is  espressed  in  the  law  that  the  "eZecfrfe 
/all"  U  dUectlg  OS  (*e  apKifie  retUlances  of  Ihe  coadiictors,  and  mmrtel;)  at  iheif 
aroM  leeliont.  Hence,  the  greater  the  resistance  offered  by  tbe  oonductor,  the 
greater  the  fall.  The  very  simplest  circuit  must  therefore  proaeot  a  series  of 
gradients  eipressive  of  tbe  tension  of  ils  various  points — as  one  for  the  eon. 
necting  wire,  one  for  the  line,  one  for  the  flnid,  nod  one  for  tho  copper.     Tbo 


881.  Pormulae  of  electric  piles. — It  follows,  from  what  has  been 
Btated,  that  the  intensity,  J,  of  a  current,  united  by  a  homogenaous 
wire  whose  length  ia  L,  may  be  represented  by  the  furmula 


in  which  r  designates  a  length  of  wire  representing  the  resistance  of 
the  pile  or  its  reduced  length,  and  E  the  electro-motive  force  measured 
by  the  tension  at  the  polea  when  the  circuit  is  broken. 

If  tlie  resistance  of  the  pile  is  nothing,  or  an  insensible  quantity,  aa 
in  the  case  of  a  thermo-electric  couple  of  great  surface,  the  formula 

becomes  ^  =  t-     That  is,  the  intensity  of  the  current  is  in  the  inverse 

itio  of  the  length  of  the  homogeneous  wire  joining  the  poles  of  tha 
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battery.  If,  however  the  pile  itself  oficra  sensiljle  resistance,  as  is  tlia 
case  with  hjdro-el«ctrio  piles  composed  of  miiTij  couples,  the  formula 
Bhows  that  the  iaiensity  of  the  current  is  in  the  inverse  ratio  of  the  length 
of  the  connecting  mire  increased  bi/  a  constant  quaniify,  r,  which  repre- 
sents the  resistance  of  the  pile  itself. 

In  the  case  of  many  different  sources  of  resistance,  interposed  in  the 
circuit  of  the  oonneeting  wire,  L  represents  the  sum  of  the  redactd 
lengths  equivalent  to  these  resistances. 

E 

Zntensity  given  by  many  coupZea.— In  the  formula,  /  =  .■    ■   . 

lot  £J  be  the  electro-motive  force,  iind  r  the  resistance  of  a  single  cnuple, 
L  and  r  being  always  reckoned  as  lengths  of  the  same  kind  of  wire 
taken  aa  a  standard  of  comparison ;  we  may  then  consider  many 
couples  united  one  to  another  in  a  series  as  shown  in  flg.  630.  Ohm 
considers  that  each  couple  produces  an  electric  current  which  traverses 
the  pile  as  if  that  couple  was  alone,  so  that  the  electro-motive  force  of 
the  series,  or  the  tension  at  the  poles  which  measures  it. will  be  the  sum 
of  the  electro-motive  forces,  £  -J-  £f  +  £^"  4-  .  .  .,  of  all  the  couplei 
in  the  series.  In  the  same  manner  the  current,  produced  by  each  couple 
traversing  all  the  others,  meets  with  a  resistanoe  equal  to  the  sum, 
r  -|-  K  +  J-"  +  ,  .,  of  the  resistances  of  all  the  couples ;  hence, 
5  +  E'  +  E"  -f  . 


L  +  r  +  r'+r"-Y... 
If  the  couples  are  all  equal  to  each  other,  and  i.  represents  their  num- 

nE 
ber,  the  formula  becomes  /=  j-— — .     This  shows  that  the  intensity 

of  the  current,  from  a  aeries  arranged  one  by  one,  is  proportional  to 
the  sum  of  the  electro-motive  forces  of  all  the  couples,  and  inversely  as 
the  total  resistance  of  the  circuit  including  the  pile  itself. 

If  we  designate  by  c,  I,  a  the  conduotibility,  the  length,  and  the  section 
cf  a  wire;  and  by  e',  I',  s'  the  same  quantities  for  a  second  wire,  it 
follows  from  the  principles  already  established,  and  from  the  fact  thai 
the  resistance  of  a  wire  is  in  the  inverse  ratio  of  its  conducting  power, 
that  two  wires  will  produce  oqual  diminution  of  the  intensity  of  the 
same  electric  current  when: — 


l' 


.,  Is'c' ^  l'-9\  OT,  I  =  I'  -j^. 


The  third  equation  expresses  the  length  of  a  wire  whose  section  is  j, 
jnd  conductibility  c,  that  will  produce  the  same  effect  upon  the  current 
M  ftDOther  wire  whose  length  is  I',  section  s^,  and  conductibility  c'. 
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This  yalue  of  I  is  called  the  reduced  length  of  the  first  wire  as  com- 
pared with  the  second. 

If  we  have  a,  aeries  of  wires  united  together  by  their  ends  as  a 
oompound  conduetor,  the  equivalent  length  of  the  firet  wire  will  be 
expressed  bj  the  formula;^ 

^  IS         ^,    SB  ///      *^  _      /   ^'  '"  ^"'     \ 

Bfiect  of  increasing  the  number  of  couples  in  a  battery. — 
The  consideration  of  the  formula  given  above  shows  that, 

1.  The  inteiisitjof  the  current  increases  with  the  nuint  ./of  couples. 

E 
Dividing  both  terms  of  the  fraction  by  n,  it  becomes  /=     ^  this 

shows  that  the  value  of  /  increases  with  increase  of  'i,  at   ±e  i.umber 
of  couples. 

2.  The  increased  intensity  of  the  current,  by  increasing  Il.b  number 
of  couples,  is  more  evident  when  L  is  great  in  iiompariu(,ii  with  r,  or 
when  the  esternal  resistance  to  be  overcome  is  much  grtaier  than  tho 

L 
resistance  of  the  battei-y.    If  on  the  contnu-y  L  is  very  small,  ~  is  also 

very  small,  and  the  intensity  of  the  current  changes  but  very  little  with 
any  increase  of  the  number  of  couples. 

iiE       E 

3.  If  there  is  no  exterior  resistance,  or,  i  =  0,  i  =  —  =  7"     ^° 

this  case  the  intensity  is  not  varied  by  varying  the  number  of  couples, 
or  one  couple  gives  as  great  intensity  as  any  number  of  couples. 

4.  The  intensity  is  not  increased  by  increasing  the  number  of  couples 
when  each  couple  added  is  accompanied  by  an  exterior  resistance  equal 
to  L;  or.  in  other  words,  when  the  exterior  resistance  increases  in  the 
same  ratio  as  the  number  of  couples,  since  on  that  supposition   the 


formula  becomes               I  ~  :  r'r", 

■.r'^  L-\-t' 

5.  If  the  esterior  re  "              L  ' 

g    a    J  is  very  small,  unless 

n  is  made  very  great      Th        h 

ha                ecessary  to  employ  a 

^eat  number  of  couple       h  n 

n  un     f  resistance  is  to  be 

overcome,  as  in  the  mil              Ad 

olysis  of  bodies  that 

are  imperfect  conduct 

pulse  through  a  long 

telegraphic  circuit. 

Effect  of  enlarging     he   p  a     a 

a   ba    ery,— If,   instead   of 

uniting  manv  couples  i 

ber  of  couples,  m,  by 

nnles  of  the  same  nam    ■»,   n  fi     6 

b      quiv.'ilent  to  enlarging 
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thn  dimensions  of  the  plates  of  a  single  couple,  the  resiatance  of  the 

r                                                      E 
battery  will  be  — ,  and  the  formula  becomes  /^ .    We  thus  bco 

""  7-  +  ^ 

that  if  L,  the  exterior  resistance,  is  very  great  in  proportion  to  r,  the 
resistance  of  the  battery,  the  intensity  will  be  but  little  increased  by 
onifing  the  couples  by  poles  of  the  same  name.  If  L  ia  tery  small  in  prO' 
portion  lo  r,  the  intensity  will  be  niunh  increased  by  this  mcthoii,  nnd  if  L 
is  so  amall  that  it  may  be  negleoted,  the  intensity  will  be  proportional  tc 
the  estent  of  surfnoe  acting  as  a  single  couple.  We  know  indeed  that, 
when  chemical  action  is  exerted  over  a  lar^e  aurfaee,  the  quantity  of 
electricity  which  traverses  the  connecting  wire  is  also  very  great. 

Effect  of  enlarging'  the  conploa  and  increasing  their  number.  — 
If   tiie   number   and   dimensions   of   the   couples   nre   both   increased   at 

the  same  time,  the  formula  becomes  /  =    ^    j Thia 

shows  that  inereasing  the  number  of  couples  produces  the  same  effect 
aa  diminishing  in  the  same  proportion  the  resistance  of  the  eitccior 
circuit,  and  increaaing  the  surface  of  each  couple  has  the  same  effect  as 
diminiahing  the  resistance  of  the  pile.     Hence; — 

If  L,  the  resistance  of  the  exterior  ciratit,  is  great,  if  will  he  most 
adr>anlageou3  lo  unile  many  couples  in  a  single  aeries :  But  if  the  resist- 
ance of  the  exterior  circuit  is  amall,  greater  advantage  may  be  obta  Ined  by 
uniting  the  couples  by  poles  of  the  same  name,  in  such  a  manner  as  to 
form  couples  of  large  extent  of  surface, 

A  most  interesting  application  of  these  principles  to  the  practical 
construction  and  use  of  batteries  will  be  found  in  a  paper  by  Mr.  O. 
Mathiot,  Electrotypist  of  the  United  States  Coast  Survey.  (Am.  Jour. 
Sei.  [2]  XV.  305.) 

882.  Faraday's  nomenclature. — Faraday  has  introduced  certain 
terms  int<,  the  language  of  electrical  science,  which  are  generally  adopted 
f"r  their  convenience;  and  their  absence  of  asaumed  or  theoretical  notion  a. 

Electrode  is  tised  in  place  of  pole,  to  which  latter  term,  meaning  the 
terminal  wires  of  a  battery,  Davy  and  others  seemed  to  attach  a  sense 
ns  if  it  possessed  a  certain  attractive  force,  like  the  pole  of  a  magnet. — 
Electrode  {from  f^hnrpov,  and  J^wi,  a  way),  means  aimply  the  way  or 
door  by  which  a  Voltaic  current  enters  or  leaves  a  substance. 

Anode  is  that  surface  of  a  body  receiving  the  current,  or  the  positive 
side  of  the  aeriea,  from  ava.  upwards  (as  the  sun  rises),  and  6Soq,  a  way. 

Cathode  is  that  surface  of  a  body  from  which  a  current  flows  out 
ow.'^rd!  the  negative  side  of  the  series,  from  ta-zd.  downwards,  as  the  sun 
62 
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Beta,  and  (,'3(ic,  away).  The  observer  h  supposed  to  face  thenoith,  with 
the  positive  of  the  battery  on  hm  right  haad,  and  its  negative  on  his  left. 

Elecfiolyte  is  any  Bubstanoe  capable  of  separation  into  its  con- 
stituents by  the  infli";aue  of  a  Voltaic  series  (from  ^XsxTpiiv.  and  XOo, 
to  Sol.  iooso).  KUctrolysis,  the  act  of  decomposition,  Eiectrolyacd,  and 
dectrolyzable,  are  obvioas  doriratives  from  the  game  words. 

lbn.1  (from  i6v,  neuter  of  slui.  to  go),  are  the  elements  into  wliloh  nn 


resolved  by  the  ourrent.     These  are  either 

anions,  e lo- 

ments found   at  the   anode,  or    eaUms,   ions  found   at 

be  cathode. 

Hereafter  w 

shill  employ  these  terms  when  they  are  app 
1    Phy       I  ffecU. 

opriate. 

88      Th 

V  It           p    k      nd   ar  h.— In    1809,   Da 

J,  vfith   the 

t 

f  tw    th           d        pi  8  at  the  Royal  Ins 

itution,  first 

d           t    t 

I  th    f  11    1 1     d         f  th    Voltaic  arch  betwe 

n  electrodes 

f  w  lib 

1     h          1      H               p  werful   the   serie- 

may  be,  no 

ff    t 

th                1 1  tl      p    uts  of  the  carbon  c 

ectrodes  are 

b        ht       b 

I         t     t            t  1     St   inaensihly  ne. 

r.     Herschel 

u  t   edtb  t 

an    1    t      1   p    kf    m      Leyden 

S7 

J           tth 

gh  th         bo    p-     ts  when  near  ^^^ 

--■          ,     1 

h    th 

t  bl    1    d  tl      fl  w    f  th    Voltaio   ^"^^"^^ 

^^^^^te 

t  by 

p   J    t           d    bt    f       t  rial  particles.    Wh 

en  the  spark 

pa.        th 

th      I         d           y  1           hdrawn,  as  in  fij;. 

639 

6d7       d  th 

1     f    1    t       fl  m    CO  nects  them  with  a 

<    > 

wl           d 

1  t  1  gl  t    f      t  1      hi    b  ightness  i  several 

' 

inches  in  length  if  the  pile  is  very  powerful      This  ari-h 

11 

e  IB  not  prolu  el  ly  the  con  bu  to  f 
the  oarbon  electrodes  s  n  e  t  ex  s  s  w  th  e  en  gr  a  r 
brilliancy,  in  a  va  uum  r  n  an  i  osph  re  of  r  en 
or  carbonic  ad      Dc  pretz  s  ates  tl  at  owl 

powerful  pile  the  \  ti  c  arch  may  he  forn  ed  at  p 
centimetres  d  stance  w  thout  eonta  t  F  g  PSM  h  wh  i 
convenient  apparatus  for  th  s  eiper  ment  xacu  or  n 
various  gases  as  n  Da  y  s  or  g  nal  eiper  men  a  T  e 
Voltaic  arch  s  accnn  pan  ed  ly  a  loud  h  s  ng  or  ru  1  « 
sound,  due  to  the  mechan  cal  rem  val  and  tri  p  r  a  n 
of  particles  of  carbon  from  the  po  t  e  to  the  negit  e 
electrode,  by  h  h  the  furn  er  s  d  n  n  si  ed  n  lenctb  r 
made  cupflbaped  wh  lo  the  lat  ar  a  ens  lly  elo  (,i  ed 
as  first  noticed  and  d  r  1  d  by  Prof  S  1  in  1 
(Am.  Jour,  'i  [1]  \  108)  n  the  us  of  a  powerf  d  fla^ 
•tructed  by  Dr  Hare 
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Through  colored  glaasea,  thcec  partic! 
Bppareutlj-  moving  slowly  from  polo  to 
form  to  the  aroh,  seen  in  fig  fl39,  nhen 
(its  earboa  is  uppatioost.    There  is  als 


Id  the  ^ro  from  the  inductiou  co     J  9i 

8S4.  Regulators  of  tlie  eleo 
trio  light.— Since  the  iu  rodu 
tUmofpowerful  constant  ba   ere 

trio  light  fur  scientific  and  e  no- 
mtcal  purposes.  For  this  pu  p  e 
regulators  have  been  dev  aed  to 
render  the  light  constant,  y  ap- 
proaching the  electrodes  in  p  o 
portion  as  thej  are  consume  1 

In  fig  642,  is  shown  that  of  D  u 
af  Paris,  and  its  detiula,ia  fig.  6  Tb 
two  carbon  points,  P  and  N,  n 
in  posilion  by  two  vertical  r 
ithich  the  lower  one,  P,  is  mo 
wards  by  the  mechanism  in  fl 
while  the  upper  one,  N,  passes 
■     hall,  D,  with  frin 


Ibe 


1  by  II 


and  dep 


The  frame  of  the  apparatUB  is 
iron.  The  slightly  concave  mi 
p&rabolic  mirror.     Wiien  the  i 
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awn  up  to  JS,  so  long  as  tu 

falls, 

is  drawn  upwards  bj  the 

the  fukrum,  L  :  the  affect 

e  the  oloctrnde    P    by  a 

,...1, 

S*-^ 

=^' 

|«^_i-^i-Ji 

^ 

m        W  Zi  "^  * 

, 

l£ 

ft-  '■  r 

1 

F 

p  •     ' 

1 

K 

!t  for  1 


light  =c 


,iQty, 


Duboscq's  photo-electric  lantern  is  seen  in  fig. 
644.  This  instrument  is  used  to  replace  the  sun  in 
all  optical  esperimenta  requiring  a  strong  white  light. 

The  poles  S  and  1  are  preserved  nt  the  same  dislanco  bj 
-g,  npon  s 


lepulIajsPP',  which  ai 


nilh  ai 


!ted  by  e( 


wV,  moving  K 
-  ■    -.«  poles  - 


Lia  IS  simple  and  purtable, 
!tr  oal  light  BO  steady  and 


negative  pole,  elongaltng  the  point  of  the  latter  ' 
Tida  for  thia  difference,  the  pulley  P'  is  variable,  and 
the  pole  I  np  proportionablj  faster,  ao  that  the  foci 
tion  of  the  light  remaina  unchanged. 


pos 


885.  FropeiUes  Of  the  electric  light.— Like  tl 
aolar  light,  it  is  unpolarized.  It  explodes  a  mixture  of  hydrof^en  and 
cihlorine,  and  ftots  on  chloride  of  silver,  and  other  ;  ho  ograpl  prepa 
rations,  like  the  sun.  Bodies  made  phosphoresce  t  by  tl  o  i^u  a  o 
eimilarly  affected  by  the  electric  light.  In  1842,  Silliman  took  daguer- 
teotypea  with  it  (Am.  Jour.  Sci.  [1]  XLIII.  185),  and  it  is  now  uted  in 
preference  to  solar  light,  for  the  purpose  of  taking  microscopic  photo- 
graphs.    (Duboscq.) 

Fizean  and  Foncanlt,  bave  compared,  by  pliotometric  measurement,  the  light 
trim  ninety-tin.  carbon  couples,  arranged  in  two  setiea  of  forty-six  (8T9),  with 
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with  the  oij'bjdrogea  or 


iiBDDdligLt.    Id  a 
lighl,  g 


13  unity,  bore  to  it  the  ratio  of  2-69 : 1,  i.  c,  tbe  fun  was  twice  and  a  half  moro 
powerful :  while  the  Drnniniond  light  was  ooly  the  one  one  hundred  and  fortj 
Bixtb  that  of  the  EUD.  Bunaen  found  the  light  from  fotty-eight  elements  of  carbon, 
equal  to  fiTe  hundred  and  seventy-two  eandlee.  The  intensity  of  the  eleotrio  light 
depends  far  more  on  the  siie  of  the  Individual  memhera  of  the  pile  than  on  thair 
number.  The  effeel  from  forty  large  aiied  conples  was  found  bj  I'izcau  and  Fou- 
oault  to  be  abont  the  sai 
were  arranged  consccut 


amllel  s< 


a  fig.  esd,  I 


with  tlie  G. 


of  effect 


n  of  the  eleetrie  light  wns  distiiienished  from  that  uf  the  snn 
by  a  very  bright  line  in  the  green,  and  a  somewliot  less  luminons  one  in  the 
orange  (461).  Dove  has  lately  shown  (Poggendoiff 's  AnnaUii,  IS57,  No.  6)  that 
this  light  has  two  distinct  sources:  lat,  the  ignition  or  Incandeseence  of  the 
translated  particles,  passing  in  the  course  of  the  discharge :  2d,  the  proper 
electric  light  itself.  On  tbe  contrary,  Draper  ha«  shown  that  the  .  pectruin  from 
a  glowing  platinum  wire  boated  by  llie  battery,  oontMns  no  dark  lines,  so  that, 
unlike  the  electric  light,  it  is  strictly  white  (Am.  Jour.  Sci.  [2]  VIII.,  340).  It 
ie  not  only  particles  of  carbon  which  pass  in  the  Voltaic  arch,  but  of  whatever 
eondnctor  may  form  the  positive  eleotrode,  as  platinum,  or  aoj  metal,  and  tbelight 
varies  in  its  optieai  properties  with  every  change  of  the  electrode.    (Wheatatone.) 

886.  Heat  of  the  Voltaio  aroli. — Deflagration.— When  the  posi- 
tive eleotrode  is  fashioned  into  e.  small  omcibte  of  carbon,         gj5 
as  in  fig.  645.  golii,  silver,  platinum,  mercury,  ond  other       K~mm 
substanoBs,  are  speedily  fused,  deflagrated,  or  volatilized,     ^W  ~ 
with  various-colored  lights.  uF"^ 

The  fusion  of  platinum  (like  wax  in  a  candle)  before  the  Voltaic  ft^^ 
arch  is  significant  of  its  intense  heat,  and  still  more,  the  volatiliia-  &ig^^  * 
tioa  and  fusion  8f  carbon,  a  result  first  announced  bj  Prof.  Silliman  |iip 
in  1822,  and  since  confirmed  by  Deapreti,  who,  by  tbe  union  of  the  ■™" 
heat  of  six  hundred  carbon  conplee  arranged  in  numerous  parallel  series,  and 
conjoined  with  the  jet  of  an  osyhydrogen  blow-pipe,  and  the  beat  of  the  mid- 
day sun,  focaliied   by  a  powerful  burning-glass,  succeeded  in  volatilizing  the 

is  also  softened,  and  converted  into  a  black  spongy  masa  resembling  coke,  or, 
more  nearly,  the  black  diamond  fonnd  in  the  Brazilian  mines. 

A  delicate  stream  of  mercury  being  allowed  to  flow  from  a  narrow  elongated 
funnel  (the  negative  electrode),  upon  a  surface  of  mere 
ing  the  positive  electrode,  is  deflagrated  with  transc 
yards  of  number  twenty  platinum  wire,  held  betweei 
e  full  glow  of  white  heat  for      ' 


y  pleai 


wmg 


them 


le  electrodei 


LD  dev 


n  points  of  carbon,  or  from  platinum  and  Bt*el  wires. 
When  a  Hne  platinum  wire  Ss  made  the  positive  electrode,  and  a  solution  of 
chlorid  of  calcium,  or  any  other  metallic  chlorid.  is  ma^e  the  negallve  elec- 
trode, on  touching  the  surface  of  the  liquid  with  the  point  of  the  fine  wire,  if 
tbe  series  is  powerful  the  wire  is  fused  on  the  surface  of  the  liquid,  evolving  a 
light  of  surpassing  beauty,  whose  color  is  that  appropriate  to  the  metal  in  solu- 
tion; >.  ff.,  fVom  calcium  salts,  violet-red;  from  aodium,  yellow;  from  barium^ 
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reddiah-yellow ;  from  potassium,  violet;  from  strontiimi,  red,  «c.  Those  bean, 
tifnl  fatts  wore  flrst  noliced  by  Dr.  Haro, 

Dr.  Page  bas  described  a  singnlar  motion  imparled  by  tbe  eurrcnt  to  globules 
tf  pure  mercury,  placed  in  n  eballow  dish,  and  covered  bj  acidulated  water:  the 
globules  elongat*  to  oToids  and  move  actively  about,  one  end,  ibat  towards  tbe 
+  pole,  being  clouded  by  eeoopiog  gos-bnbblea.  If  the  mercury  contains  sini^ 
the  position  of  the  eloudod  cud  is  reversed.     (Am.  Jour.  Sci.  (,2],  XI,,  192.) 

887.  Meaaurement  of  tbe  heat  of  the  Voltaic  oarrent. — By 
raeaoB  of  a  lung  wire  coiled  into  a  close  spiral,  and  enclosed  in  a  calo- 
rimeter of  glass,  containing  water,  Bcoquerel  and  others  liave  oatablished 
the  laws  regulating  the  flow  of  heat  in  the  electrio  current,  bj  its  effect 
in  elevating  the  temperature  of  the  water.  A  coil  of  platinum  wire 
contained  in  the  bulb  of  a  Sanctorio's  thermometer,  becomes  a  means 
of  estimating  the  heat  of  .currents  too  feeble  to  be  otherwise  measured. 
The  results  are,  that  when  a  Voltaic  current  traverses  a  homogeneous 
wire,  the  quantity  of  heat  in  a  unit  of  time  is  proportional : — 

1.  lb  the  Tenatance  which  the  wire  oyposcs  io  the  passage  of  the  eUe- 
tricity: 

2.  To  the  square  of  the  iniensUy  of  the  etcrrent.  The  intensity  of  a 
current  is  measured  by  the  quaotity  of  water  which  it  will  decompose 
in  a  given  time. 

For  a  given  quantity  of  electricity,  tJie  elevation  of  temperature  at 
different  points  on  a  conducting  wire,  is  in  the  inverse  ratio  of  the 
fourth  power  of  its  diameter. 

Draper  has  applied   the  coefficient  of  eipansion  to  determine  the 
degree  of  heat  corresponding  to  a  particular  color  (585). 
2.   Chemical  effects  of  the  pile. 

888.  Historical. — The  chemical  effects  of  the  pile  are  most  wonderful, 
and  tha  present  advanced  state  of  chemical  science  is  largely  attribu- 
table to  the  flood  of  light  shed  by  the  researches  of  Davy  and  Faraday 
upon  the  electrical  relations  of  the  elements  and  the  decomposition  of 
impounds  by  the  Voltaic  circuit. 

In  1800,  immediately  after  VolU'a  announcement  to  Sir  Joseph  Bauks  of  bis 
discovery  of  the  pile,  Messrs.  Hioholeon  and  Carlisle  constructed  the  first  pile 
in  Englaud,  consisting  of  tbirty-aii  half  crowns,  nith  as  many  discs  of  sine  and 
pasteboard  eoaked  in  salt  water  (8fl4).  Observing  gas-babbles  arise  whoD  tha 
wires  ef  Ibis  pile  were  immersed  in  water,  Nicholson  covered  them  with  a  glass 
tube  tilled  with  wat«r,  and,  on  the  2d  of  May,  ISOO,  completed  the  splendid  dis- 
covery, that  tha  Voltaic  current  had  lie  power  to  decompose  water  and  other 
cbeinical  compouods.     Stimalated  b;  so  Ane  a  result,  chemists  nnd  physicists 

oxygen  and  hydrogen  gases  in  a  separate  condition.  The  chemical  theory  cf 
the  pile,  originally  advanced  by  Fabbroni,  a  countryman  of  Votta'!i,  some  years 
before,  was  taken  up  and  ardently  advocated  by  Davy,  who,  in  ISOl,  had  sue. 
reeded  to  a  place  in  the  laboriory  of  the  Boyal  Institution :  whare,  on  the  (ilL 
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il  then 


sUblubed  tl 


arUi»g  t, 


—the  ' 


b,  thai  all  the  eai'ths 


,1  th«  glube,  in  fact— 


hud  bitherto  been  unsuspecl 

889.  EleotroljTsta  of  water.— Voltameter.— The  Voltaic  decom- 
poaitioD,  or  eleetroljais  of  water,  is  the  finest  possible  illustration  of 
the  chemical  power  of  the  pile.  Water  is  a  compound  of  osjgen  and 
hydrogen  gases,  in  the  proportions  of  one  measure  of  the  former  to  tn  o 
of  the  latter.  When  two  gold  or  platinum  wires  are  connected  with 
the  opposite  ends  of  the  batterj,  and  held  a  short  distance  asunder  in 
a  cup  of  water,  a  train  of  gas-hubbles  will  be  seen  rising  from  eacl" 
and  escaping  at  the  surface.    If  the  electrodes  are  not  647 

of  gold  or  platinum,  the  osjgen  combines  with  one 
them,  and  only  hydrogen  escapes,  as  in  Nicholson's  i 
ginal  experiment.  With  two  glass  tubes  placed  o' 
platinum  poles,  fig.  646,  we  can  collect 
these  b  bbles  as  they  r'se  The  ^  s 
(1  ydrogen)  g  ven  off  from  the  ne„  t  e 
eleetrode  s  tw  ce  tl  e  v  lume  ot  tl  at 
obta  ned  fro  n  the  p  t  ve  W!  en  the 
tubes  are  f  tl  o  same  b  e  th  a  d  ffer 
enoe  be  raes  at  once  ev  dent  t  the 
eye  By  exam  n  ng  these  gases  we 
shiU  fan  I  then  re  peot  vely  p  re  hy 
drogen  and  oxygen  n  the  proport  n  _ 
ot  two  olume?  of  tl  e  former  to  one  f 
the  latter.  Agreeably  t*j  principles 
already  eiplained,  the  oxygen  (electro-negative)  appears  at  the  +  elec- 
trode, and  the  hydrogen  (electro-positive)  appears  at  the  —  electrode. 
The  rapidity  of  the  decomposition  is  greater  when  the  water  is  made  a 
better  conductor,  by  adding  a  few  drop'<  of  sulphuric  ■u.id  and  for 
rapid  electrolysis  the  number  of  couples  in  (he  series  shtnld  be  in- 
creased to  overcome,  by  superior  tension  the  bw  run  64s 
ducting  power  and  chemical  affinity  'f  the  ele  tn 
lyte.  If  a  single  tube  only  covers  luth  elcLtrodes  ■ 
In  fig.  647,  the  total  electrical  effect  is  easily  measured 
by  the  graduation  of  the  tube,  the  quantity  of  gi'ie 
given  off  in  a  unit  of  time  being  dii  i^utly  is  the  current 
The  cimteots  of  this  tube  will  espl  ie  if  a  lighted  . 
match  IS  applied  to  them,  or  if  an  eleutrii,  spark  passei 
through  them.     Such  an  instrument  is  a  VoUameUr. 

A  convenient  form  of  this  inatriiment  is  seen  io  fig.  648,  made  of  a 
ntde,  fillsd  with  arid  watar;  the  platinum  electrodes  paaa  through  the  t 
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800,  Laws  of  electrolysis. — From  a  great  number  tf  elaliorate 
esperinients,  the  auuuracj  of  which  remains  unshaken.  Faraday  hna 
deduced  the  following  general  laws  of  electrolysis. 

1st.  The  quantity  of  any  given  electrolyte,  resolved  inta  its  conslitu- 
eots  by  a  current  of  eleetricity,  depends  solely  on  the  amount  of  elec- 
tricity passing  through  it,  and  is  independent  of  the  form  of  appuratiis 
used,  the  size  or  dimensions  of  the  electrodes,  the  strength  of  the  solu- 
tion, or  any  other  oircumetance.     Hence,  the  amount  of  water  deeom- 


»  given  time  in  the  Voltameter,  is  an  exact  measure  of  the 
quantity  of  electricity  sot  in  motion. 

2d.  In  every  case  of  electrolysis,  the  elementa  t 
equivalent  or  atomic  proportions,  and  when  the  Bf 
succession  through  several  electrolytes  io  the  sai 
series  of  elements  set  free  are  also  in  atomic  proportions  to  each  other. 
It  follovrs,  therefore,  that  the  amount  of  electricity  required  to  resolve 
a  chemical  combination,  is  in  constant  proportion  to  the  force  of  chemi- 
cal affinity  by  which  its  elements  are  united. 

3d,  The  oxydation  of  an  atom  of  line  in  the  battery,  generates 
exactly  so  much  electricity  as  is  required  to  resolve  an  atom  of  water 
into  its  elements.  Thus,  845  grains  of  zinc  dissolved  in  the  battery, 
occasions  the  electrolysis  of  2'35  grains  of  water.  But  these  numbers 
are  in  the  ratio  of  32'5  :  9  the  equivalents,  respectively,  of  zinc  and  of 
vrater.  Hence  foUovr  these  corollaries: — First,  The  souire  of  VoUaie 
dectricity  in  the  pile  is  chemical  action  solely.  Second,  The  forces  termed 
chemical  affinity  and  electricity  are  one  and  the  lame 

One  or  t  ro  add  t  onal  lUustrat  ons  ot  these  laws  w  11  suffice  in  this 
place  referr  ng  the  student  to  chen  cal  bif 

treat  ses  for  a  fuller  d  scus.  on  of  th  s 
very   n  p  rt  nt  top 

891  Electrolys  a  of  salts  —In  tl  e 
bent  t  he  B  A  fig  64 )  put  i  ol  t  n 
of  any  neutral  salt  t  e  sulphate  of 
soda  and  d  ffuse  the  blue  solut  on  fnm 
a  pu  pie  cab)  a^e  n  the  1  q  id  Let  the 
.urrent  of  a  Voltaic  pile  communicate 
with  this  saline  eiilution  by  two  platinum 
wires,  dipping  into  the  legs  of  the  tube- 
presently  the  blue  color  of  the  solution 
is  changed  on  the  positive  side  for  red,  and  on  the  negative  for  green 
indicating  the  presence  of  an  acid  set  free  in  A,  and  of  an  alkali  in  B 
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If  tie  action  is  kept  up,  the  whole  of  the  blue  liquid  is  chiinged  to  red 
and  green.  Transpose,  then,  the  4-  and  —  wirea,  so  as  to  reverse  the 
direction  of  the  current;  presently,  the  red  and  green  change  back  to 
blue,  and,  in  a  short  time,  that  which  mas  red  becomes  green,  and  nee 
versa.  This  is  a  ease  of  electrolysis  in  which  the  electrolyte  (sulph.it* 
of  soda)  is  changed,  not  into  ita  ultimate  elements,  but  only  into  the 
acid  and  alkali,  whiuh  may  be  called  its  piosimate  cunstituentB ,  any 
other  saline  fiuid  may  be  substituted  with  similar  results  If  an  alka 
line  chloride  is  used,  i.  e.,  common  salt,  the  tree  chlorine  evohed  on 
the  +  side,  discharges  all  color,  while  the  soda  produiea  on  the  — 
side  its  appropriate  green  tint  If  a  metallic  salt,  e  g ,  '•ulphatc  of 
copper,  or  acetate  of  lead,  is  used  in  A  B,  then  on  the  —  side,  meUUic 
copper  or  lead  is  evolved ;  Tihile,  on  the  +  eide,  is  the  free  acid  before 
in  combination  in  the  salt. 

A  more  surprising  exaiaple  of  the  apparent  traasftr  of  sleinenta  under  Iha 
power  of  the  Voltaic  current,  is  illnatialed  in  fig.  660,  where  in  B,  the  centre  glas3_ 
of  the  three  wine-glasses,  A  B  C,  is  a  (50 

solution  of  sulphate  of  soda,  nbila 
ronUin  only  pure  Hater,  bli 


nith   ( 


1   three 


;ed    into  A  and  C,  when   th. 

e   same  f  ' 

ies  of  ehangoa,  already  deatr 

Ibed  iu    M 

B49,  lakes  place,  with   the  SI 

ima  ™-    % 

■aals  wlien  the  electrodas  are 

red.     B  remaina  apparently  u 

nehanged,  . 

■en,  or  «•««€,.".    There  iK,  ir 

1  fact,  nothi 

the  last,  only  the  disaeelioD  ol 

r  the  proces 

alts  conform 


.  Electro -metallurey.— The  electrotype.— The  cold  casting 
of  metals  by  the  Voltaic  current,  is  a  fine  example  of 
the  rich  gifts  made  by  abstract  science  to  the  practical 
arts  of  life.  Every  Daniell's  battery  is,  in  fact,  an 
electro-metallic  liath,  in  which  metallic  copper  of  a 
firm  and  flexible  texture  is  constantly  thrown  down 
from  sol  II I  ion. 

The  very  aimple  apparatns  required  to  show  these  results 
iiperimen tally,  is  represeuted  in  the  flg.  691.  It  is  nothing. 
In  fact,  but  a  single  cell  of  Daniell's  batttery.     A  gla?e  t 


end  and  filled  nith  dilu 


nilb  a 


snlphuri 
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wrangad,  the  ooppar  solution  is  slowly  decoicposed,  and  the  metal  ia  eren'y  and 
firmly  deposited  on  mm.  A  perfect  reverse  eopy  of  in  ia  thus  obtained  in  solid 
malleable  copper.  The  back  of  in  is  proi^eted  by  varniah,  to  prevent  the  adfae- 
sioB  of  the  metullio  copper  to  it.     In  this  manner  the  most  elaborata  and  eostiy 

rererse  cants  of  the  object  to  be  copied  are  first  made  in  fusible  metal  or  was.  The 
art  is  now  extcnaiTely  applied  to  plating  in  gold  and  ailver  from  their  solntioni ; 
the  metala  tbua  deposited  adhering  perfectly  to  Che  metallic  surface  on  which 
they  are  depoaitadT  provided  these  be  qaile  clean  and  bright. 

Even  alloys,  as  bronia,  brass,  and  German  silror,  may  be  depoaited  according 
lo  eleetroiytio  law. 

BB  large  as  the  aurfacea  to  be  ooatad,  and  these  should  not  he  larger  thnn  the 
plates  of  the  battery  fiirnishing  the  current.  The  arrangement  of  apparatna 
commoniy  used  In  this  art,  is  seen  in  fig,  852,  whoro  the  metallic  aoluUon  ia  held 


in  >  separate  bath   over  wh    h  i.  e  extat 
objects  II  in  connect    d  w  ih  t)  e  negat  ye 

in  tho  uniform  strength  uf  the 
kept  at  a  somewhat  higher  temperature  than  that  of  the  air.  Wood-cn 
printers'  types  are  thus  copied  in  copper,  the  moulds  taken  in  was  from  them 
being  made  conduclora  by  dusting  over  the  surface  with  extremely  fine  plnm- 
bago.  All  the  copper-plates  for  the  oharts  of  the  United  Stales  Coast  Survey, 
are  reproduced  by  the  electrotypo— the  originals  never  being  used  in  the  press, 
lat  only  the  copies;  and  any  required  number  of  these  may  be  produced  at 
jmall  expense.  For  an  instructive  account  of  these  extensive  electrotype  opera^ 
tiona,  the  student  is  referred  to  a  paper  by  the  Electrotypist  of  the  Coast  Sur- 
vey, Mr.  O.  Mathiot  (Amer.  Jour.  Sci.  [2],  XV.,  S05'. 

tt93.  Crystallization  from  the  aotiou  of  feeble  currents. — It 
was  known  to  the  alchemiats,  very  early  in  chemical  history,  that  cer- 
tain metals,  as  gold,  silver,  copper,  lead,  tin,  &a.,  were  deposited  ia  a 
pure,  or  "  regidiiie"  condition,  from  their  solutions,  when  another  metal 
was  present,  or  even  sometimes  without  that  condition.  Thus  the  lead 
tree  {arbor  Sai-urn<e],  the  tin  tree  [arbor  Joois).  the  sliver  tvee  (arbor 
Diancg),  were  so  call.J  by  the  alchemists,  from  the  apparent  growth 
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lit  tlies';  metals  out  of  their   solutions,  and  in  tree-like  funns.     Tliis 
growt'.i  we  now  know  to  be  due  to  Voltaic  crystalline  deposiiion. 

Examples.— A  solution  of  ehlorid  of  gold  in  ether,  by  alow  cbaiiRe,  depnsils 
BpoiitaneouBly,  crjatiils  of  fine  gold,  in  elegnnt  moss-like  growths ;  and  Liebig  has 
Bhowo  na  how  to  prepare  a  silver  soladon,  which,  by  the  aid  of  an  essential  oil  fts  a 
reducing  agent,  will  coal  gloss  with  a  film  of  silver  60  thin  as  to  be  transpareut, 
and  still  so  btillisHt  as  to  reflect  light  more  perfectly  than  the  host  morcniial 


eryatalline  plates  ('*e  ariur  Saiurfia);  this,  and  the  nest  cobo,  are  true  Voltaii 
•irenits,  while  in  the  iirat  two  coses,  hydrogen  appears  to  Eupply  the  want  of  tLt 

{ai-bar  Oihhie)  on  the  mercury. 

But  the  most  instmcti 
opright  in  a  tall  vessel,  I 
of  prolochlorid  of  tin,  while  above  it  resta  a  dilute  solution  of  the  same  salt. 
Tbe  bar  is  therefore  la  two  solutions  chemically  identical,  bat  physically  unlike 
The  result  is  a  Voltaic  current,  by  which  metallic  tin,  in  beantjful  brilliant  plates, 
is  deposited  upon  the  upper  part  of  the  bar,  while  tho  lower  part  is  correspond- 
ingly dissolved  by  the  tree  electro- negative  element  of  this  electrolysis. 

The  earliest  recorded  esperiments  with  this  species  of  Voltaic  circuit  ore  those 
of  BuchoU  (1807),  whence  this  slow-acting  pile  is  sometimes  called  the  "  BircJc.ii- 
piU."  Becqnerel  has  greatly  extended  our  knowledge  of  the  actions  thus  pro- 
duced, forming  thereby  many  non-tnetallie  crystalline  products.  Cross  thus 
(brmed  crystals  of  carbonate  of  lime  in  two  days  in  the  light,  or  in  sii  days  in  the 
dark.  Mallett  thns  produced  crystals  of  oopper,  and  of  red  oxyd  of  copper,  in 
a  single  night  from  the  nitric  solution.     (Am,  Jour.  Sci,  [2]  XXX.  253.) 

894.  Deposit  of  metallic  ozyds  and  Nobili's  rings.— Becquerel 
has  shown  that  osyd  of  lead  and  oxyd  of  iron  may  be  deposited  in 
a  thin  film  on  the  surface  of  oiydizable  metals  by  using  an  alkaline 
solution  of  the  metallic  oxyd,  and  making  the  plate  to  be  oxydiied  the 
negative  electrode  of  a  constant  battery  ;  a  deep  brown  coaling  of  the 
oxyd  is  thus  deposited  in  a  few  minutes  so  firmly  as  to  withstand  the 
action  of  tbe  burnisher,  and  perfectly  protect  the  iron  or  steel  from 
atmospheric  action. 

If  the  film  of  osyd  of  lead  is  very  thin,  it  presents,  over  a  surface 
of  polished  silver  or  steel,  a  most  pleasing  exhibitiou  of  colored  rings, 
floalogous  to  the  cilored  rings  of  Newton  from  thin  plates  (530).  For 
this  purpose  the  negative  electrode  is  made  of  a  thin  platinum  wire, 
ptDtectod  from  the  solution  by  a  glass  tube,  except  at  the  extremity, 
where  a  mere  point  is  presented.  A  rim  of  was  on  the  edges  of  tlie 
plate  retiilna  the  solution  of  potassa,  saturated  with  oxyd  of  lead,  while 
it  is  connected  on  the  positive  pole,  and  the  negative  point  is  held  for  a 
few  seconds  within  a  line  of  the  polished  surface.  These  colored  rings 
were  first  noticed  by  Mr,  Nobili,  whence  their  name. 
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3.  Physiological  effects  of  Ike  pile. 

895.  The  physiological  effects  of  the  Voltaic  pile. — Oalvaoi's 
origitjal  experiment,  aaJ  the  earlier  observations  of  Swaiamerdam  and 
Sulzer,  of  two  metals  on  the  toague,  deserve  to  be  remembered  as  being 
our  earliest  knowledge  of  this  subject.  From  a  single  cell,  oreien  a  small 
number  of  pairs,  the  dry  hands,  grasping  the  electrodes,  receive  no  sen- 
sation ;  number,  and  not  siae  of  elomonts,  is  requisite  for  the  physio- 
logical effect.  Thus,  from  a  column  of  fifty  elementa,  or  still  more  from 
fifty  cups  of  B  insen,  or  a  Cruicksbank's  trough  (870),  a  smart  tn-inge  is 
felt,  reaching  to  the  elbows,  or  if  the  hands  are  moistened  with  saline 
or  acid  water,  the  ahock  will  be  felt  in  the  shoulders.  This  shoek  is 
unlike  the  sharp  and  sudden  commotion  from  statical  electricity,  being 
a  more  continued  sensation,  accompanied,  during  the  continuance  of  the 
current,  by  a  ai-a-iD  of  prickly  heat  on  the  surlace.  But  it  is  only  at 
the  making  and  breiking  f  i,  ntaot  tl  at  a  sho  k  is  felt.  If  the  battery 
contains  some  hunireds  of  uouples  ai^tively  Psnted,  the  nhock  becomes 
painful,  or  even  fatal  It  may  be  pissed  thro  igh  any  number  of  per- 
sons whose  m  latened  hands  are  firmly  joined  but  it  is  sensibly  less 
acute  at  the  middle  of  such  a  uircuit  than  t  those  at  the  electrodes. 
Even  after  death  th  s  power  produces  spasmi^ic  mnscular  contrac- 
tions, efforts  tu  rise  and  contortions  of  the  features  frightful  to  behold.* 
Persons  in  whom  animation  was  suspended  have  been  restored  by  the 
influence  of  the  hydro  eleotni.  current  ou  the  nervous  system. 

The  BeaseB  of  sight,  heuring,  and  tHSte,  are  all  affected  by  a  Voltaic  cnrrent; 
a  iash  of  light,  a.  roaring  aonnd,  aod  a  eub-melallic  savor  being  received  when 
the  shook  of  a  auiall  battery  is  passod,  auoeeaaivolj,  through  the  eyes,  the  ears, 
^d  the  tongue. 

Prom   the   eapetiments  of  Becquerel,  ic  appears  that  seeds  subjected   to   a 


For  a  detailed  aecoant  ot  the  application  of  electricity  to  medioal  UEes,  con- 
iutt  the  works  of  Dr.  0.  Bird  (of  London),  W.  P.  Chanuing  (of  Boston],  and  tbe 
late  elaborate  volnme  of  Dr.  Garrett. 

The  magnetic  effects  of  the  pile  belong  to  eiectro-djnamics, 
while  its  electrical  efFeots  have  already  been  considered  in  ^J  863,  8C4. 
VII.   theorvoftee  pile. 

896.  Three  views.— 1.  It  has  already  been  stated  (863),  that  Volla 
and  his  scbail  ascribed  the  eflects  of  the  pile  to  the  simple  contact  of 
unlike  meta.s,  each  decomposing  the  neutral  electricity  of  the  other. 
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He  argiiod  tliat  tiie  chemical  action  of  the  Dattory  was  requisite  only 
to  afford  conductors  fur  the  electricity,  while  the  metallic  suhstauces 
remaining  in  every  way  unchanged,  they  are  supposed  to  discharge 
into  ea«l)  other.  According  to  this  hypothesis,  the  two  metale  are  in 
opp<)site  electrical  states,  one  being  positive,  the  other  negative ;  these 
states  becoming  at  once  destroyed  by  the  intervening  fluid.  This  theory 
assumed  that  the  whole  effect  of  the  apparatus  Is  bat  a  disturbance 
And  reproduction  of  electrical  equilibrium.  This  view,  however,  can- 
DOt  ce  maintained,  since  it  involves  an  impossibility : — the  production 
ol'  a  cuntinual  current,  flowing  on  against  a  constant  resistance,  with- 
out any  consumption  of  the  generating  force. 

2,  On  the  other  hand,  Fabbroni,  Davy.  Wollaaton,  and,  above  all,  in 
our  day,  Faraday,  De  la  Rive,  and  Becquerel  have  sought  to  establish 
that  the  Voltaic  excitement  was  only  the  reciprocal  of  the  chemical 
action  ;  and  as  this  was  more  intense,  and  properly  directed,  so  was 
the  pile  more  powerful.  Jn  addition  to  the  statements  and  arguments 
already  adduced,  it  is  proper  here  to  consider  the  ground  of  these  two 
views,  and  somewhat  more  in  detail. 

3.  A  third  view  or  theory  of  the  pile  has  been  advanced  by  Peschel, 
which  he  calls  the  molecular  theory,  and  which  rests  on  a  sort  of  middle 
ground  between  the  contact  and  the  chemical  theories. 

897.  Volta's  contact  theory. — The  advocates  of  this  mode  of  ex- 
plaining the  action  of  the  pile  (embracing  nearly  the  whole  body  of  the 
German  physicists),  contend  that  they  have  experimentally  established 
the  following  points  in  support  of  Volta's  tlieory,  via. :  1st,  That  Volta's 
original  experiments  demonstrate  tlie  fact  beyond  question,  (hat  the 
simple  contact  of  heterogeneous  metals  does  produce  an  electrical  cur- 
rent (846).  2d.  That  in  some  cases,  when  a  purely  chemical  action 
esisU  between  a  fiuid  and  one  of  the  two  metals  immersed  in  it,  the 
contact  of  the  metals  arrests  this  action,  and  an  opposite  action  com- 
mences. 3d,  That  there  are  even  cases  of  hydro-electric  combinations, 
in  which  electrical  action  exists,  without  any  chemical  action  whatever 
on  the  electromotors.  4th,  The  advcatea  of  this  view  further  contend 
that  chemical  action  is  never  the  primitive  cause  of  electrical  excilo- 
ment;  although  some  do  not  question  the  influence  of  chemical  action 
in  promoting  and  increasing  the  excitement  originally  due  to  contact. 

Since  scarcely  any  chemical  action,  or  none  at  all,  occurs  in  a  con- 
Btant  battery  without  contact,  it  is,  with  reason,  urged  that  contact  of 
the  heterogeneous  metals  is  the  one  indispensable  prior  cause  of  the 
Voltaic  current.  Ilence  the  real  difficulty  seems  to  be,  to  decide  what 
share  chemical  influence  really  has  in  exciting  the  electrical  action. 
Want  of  space  prevents  our  giving  the  evidence  in  detail  upon  which 
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[he  advocates  of  the  contaot  theiirj  rely  for  the  support  )f  tlie  aboTO 
propositions. 

898.  The  chemical  theory  asaumea  the  electrical  current  to  be  the 
reoiprotal  of  the  chemical  action  in  the  cells  of  the  battery,  and  that 
chemical  action  is  essential  to  the  pi'uduction  of  such  a  current, 

De  la  Kive  demonatrated  this  latter  point  in  the  following  manner; 
A  pair,  formed  of  two  plates,  one  of  gold,  the  other  of  piatinnm,  was 
plunged  into  pnre  nitric  acid,  without  the  development  of  anj  current; 
by  the  addition  to  the  nitric  acid  of  a  single  drop  of  chlorohjdrie  acid, 
a  vary  decided  current  was  obtained  from  the  gold  to  the  platinum 
through  the  liquid.  In  the  first  case  there  was  no  chemical  action  ;  in 
the  second  case,  the  gold  was  attacked,  and  the  platinum  was  not,  or 
more  feebly. 

The  laws  of  electrolyals,  first  demonstrated  bj  Faraday,  as  already 
stated  (890),  lend  the  evidence  of  mathematical  certainty  to  tlie  chemi- 
cal theory  of  the  pile.  Since  we  thus  reach  the  unavoidable  conclusion 
that  an  equivalent  of  electricity  is  a  chemical  equivalent,  and  so  bring 
the  discussion  down  to  the  rigid  test  of  the  balance,  the  vlUma  ratio 
of  chemist«  and  physicists. 

In  addition  to  the  laws  of  Faraday,  already  rehearsed,  are  the  ful- 

Laws  of  the  disengagemeat  of  electricity  by  chemical  action, 
first  stated  by  M,  Becquerel ; — 

1st.  In  the  oombinatioD  of  oxjgen  witli  other  bodies,  tbe  osjgen  takes  ths 
electro -posidve  substance,  and  the  combustible  the  electio-aegacive. 

2d.  In  tlie  eombinatiou  of  sn  acid  with  s  base,  or  nith  bodies  tbat  act  as  eucb, 
the  Aral  takes  (be  positive  electricity,  and  the  second  tbe  negative  electricity. 

3d.  When  on  Dcid  acta  chemically  on  a  metal,  the  acid  is  electriflad  positively, 
uid  the  metal  negatively  :  this  is  a  consequence  of  the  second  law. 

4th.  In  decompositions,  the  electrical  effect?  ore  the  reverse  of  the  preceding. 

ith.  In  doable  decompositions,  the  equilibrinm  of  tbe  electrical  forces  is  not 
disturbed. 

The  quantity  of  electricity  required  to  produce  chemical 
action  ia  enornioua,  compared  with  the  amount  of  ataticaJ  electricity 
disturbed  by  the  common  frictional  machine.  Faraday  has,  in  his 
masterly  way,  demonstrated  this  fact  by  simple  experiment. 

He  htts  shown  thot  tbe  quantity  of  VoltMc  electricity  requisite  for  decomposing 
one  grain  of  water,  would  be  snfficienl  Ic  maintMn  at  a  red  heot  a  wire  of  piati- 
nnm aijout  one  one-hundredth  of  an  inch  |y  j  j)  in  diameter,  during  three  minutei 
forty -live  seconds,  tho  time  reqaisite  to  effect  the  jetfect  decomposition  of  ths 
grain  of  water.  Tbe  quantity  of  iHotlonal  eleotrioily  required  to  produce  the 
same  effect,  would  be  that  furnished  by  oight  hundred  thousand  discharges  of  u 
battery  of  I.eyden  jars,  exposing  three  thousand  five  hundred  square  inches  of 
snrfaoe,  charged  with  thirty  turns  of  a  powerful  electrical  machine. 

Becquerel,  by  a  different  mode  of  eiperimenl,  aT:ived  at  nearly  the  same 
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-esulti  Therefore,  to  deoon  pose  a  graia  of  water,  requires  id  amount  of  elee- 
j-k'ity  equal  lii  that  furnialed  by  the  disi/hafgo  of  an  electrie  pane  having  a 
surface  of  thirty-two  acres.  "Equal  to  a  verj  powerful  flash  of  lightning." 
"  This  view  of  the  subject  giica  an  almost  overwhelming  idea  of  the  extraordi- 

Batter."     (Faraday  Ejipt.  Res.,  853-861.) 

S99.  Polarleation  and  transfer  of  the  elements  of  a  liquid. — 
The  electro-chemical  theory  has  been  much  eipanded  bj  the  researches 
of  De  la  Rive ;  he  esplaina  the  phenomena  of  polarization  and  the 
transfer  of  the  elements  of  a  liquid  in  the  following  manner : — 

His  theory  assomea  that  every  atom  has  two  poles,  oontrarj,  but  of  the  same 
force  The  different  kinds  of  atoms  diflor  from  each  other  in  that  some  have  a 
u.ore  powerful  polarity  than  othcm.  When  two  io3ulat*d  atoms  are  brought 
near  eaeh  other,  they  attract  each  other  by  their  opposite  poles;  the  positive 
pole  of  that  which  has  the  strongest  polarity  nnites  with  the  negative  pole  of 
that  which  has  the  feeblest  polarity.  A  compeuad  atom,  when  insulated,  has 
therefore  two  contrary  polarities  between  the  poles  of  a  piie ;  for  eiample,  the 
atom  is  so  arranged  that  its  +  pole  is  turned  to  the  platinum  (or  —  side)  of 
the  pile,  and  tlie  ~  pole  is  turned  to  the  sine  (or  +  aide)  of  the  pile.  This 
same  action  oocura  with  other  atoms,  so  that  there  is  prodHoed  a  ohaio  of  polar- 
ised particles  between  the  poles  of  the  pile. 

The  oxygon  of  the  particle  of  water  nearest  the  liuc  becomes  negative, 
oecanse  of  its  aSinitj  for  the  sine,  and  the  hydrogen  becomes  positive  The 
other  particles  of  wnler  become  similarly  electrified  by  induotiun,  but  the 
platinum  has  become  negative  by  induction  from  the  sine,  and  therefore  is  m  a 
condition  to  take  up  the  positive  electricity  from  the  sine  of  the  eontiguoos 
hydrogen.  The  action  now  rises  high  enough  for  the  line  and  the  oiygen  to 
combine  chemically  with  each  other.  The  onyd  of  sine  thus  formed  dissolves 
In  the  liquid  (dilute  sulphuric  acid|,  and  is  thus  removed.  But  the  partible  of 
hydrogen  nearest  the  sine,  now  seiies  the  oppositely  electrified  oiygen  of  the 
adjacent  particle,  producing  e,  fresh  atom  of  water.  The  particle  of  hydrogen 
which  terminates  the  flow  is  electrically  neutralised  by  the  platinum,  to  which  it 
imparts  its  excess  of  positive  electricity,  and  escapes  in  the  form  of  gas ;  and 
other  particles  of  water  are  continually  produced,  to  supply  the  place  of  those 
decomposed,  and  thus  continuous  action  is  maintained.  These  changes,  con- 
tinuallj  taking  place,  furnish  an  uninterrupted  flow  of  electricity,  which  is 
conveniently  termed  a  Voltflio  current. 

Other  instances  of  electrolysis  are  explained  in  a  similar  way. 

900.  Cbemioal  amnity  and  molecular  attiaotiou  distinguished. 
— AcMrding  to  De  la  Rive,  and  in  support  of,  the  view  of  tlie  polarity 
of  atoms,  the  distinction  between  chemical  affinity  and  molecular 
ftttraution  is  as  follows :  chemical  affinity  is  the  attraction  of  atoms, 
operating  by  their  contrary  electric  poles,  which  come  into  contact, 
while  physical  attraction  results  from  the  mutual  attractive  action  that 
the  atoms  Jxercise  over  each  other  in  virtue  of  their  masses.  This  last 
attraction  is  never  able  to  produce  contact,  because  of  the  repulsive  force 
of  the  ether  which  envelops  the  atom,  and  which  increases  in  proportion 
BS  the  sphere  which  separates  the  attraotjsd  atoms  diminishes  (116). 

901.  Peachell'a  moleculai  theory  of  the  pile. — Resting  upon  th« 
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apiniou  I'lig  held  by  many  chemists,  that  those  foriies  which  lie  at  the 
basis  of  adhesion,  and  those  which  cause  ehemioal  affinity  are  not  essen- 
tially different,  Peschel  holds  that —  When  eleetriciiy  is  generated  in  any 
Voltaie  arrangement,  it  results  from  a  molecular  change,  brought  abojit 
in  the  touching  bodies  by  the  adkesioe  Jbrce  which  subsists  between  them. 

Tbis  tbeor;  poSEeEses  the  advantage,  tbut  no  uen  power  need  be  assumed  to 
BKist^  whereas  the  contact  theory  demonas  the  existence  of  an  ••  eleai-n-moiin 
/arce,"  of  which  W8  know  nothing.  It  also  aceounls  for  the  production  of  eleo 
trieity,  »p»rt  from  any  chemical  action.  In  common  with  ths  chemical  hypo- 
thesis, it  deduces  the  phenomena  of  the  single  hattery  from  the  molecular  forcss ; 
it  considers  thn  fluid  not  merely  as  0,  conductor  of  electricity,  but  as  engaged  iii 
its  production,  and  that  the  elements  of  the  battery,  by  the  physical  changes 
which  they  undergo,  ate  the  actual  aonrceg  of  electricity;  that  their  contact 
renders  this  chftuge  possible,  and  it  is,  therefore,  the  occasion,  and  not  the  gene- 
rating cause,  by  which  the  electricity  is  produced.  By  this  view,  the  chemical 
hypothesis  is  only  a  special  case  of  the  molecular.  The  simaltaueons  com- 
mencement of  chemical   action  with    the   development  of  electrioity,  and  the 

inoreaaes  and  decreases  as  the  chemical  action  on  the  fluid  conductor,  and  on 
the  element!  of  the  batWry  is  greater  or  lees,  fiiUy  accords  with  the  statemenla 
of  this  theory.  It  follows,  hence,  that  the  electrioal  and  molecular  forces  are  one 
and  the  same,  and  that  the  latter  appears  as  electricity  wUenerer  it  passes  from 
one  mode  of  operation  into  the  other,  as,  e.  ij.,  when  it  ceases  to  bold  the  elements 
of  the  water,  and  so  oxydiiee  the  line, 

i  4.  Blectro-Dyuamica. 

902.  Geneial  laws.— ^EUctro-dynamies  is  that  department  of  physica 
devoted  to  the  mutual  action  of  VoUa-electrio  currents.  These  are 
distinct  from  the  phenomena  of  static  electricity.  The  phenomena  of 
electro-dyn antics  may  all  he  arranged  under  the  following  general 
propoaitioDS. 

1.  Eoery  conduclor,  conveying  a  current  of  electricity,  affects  a  free 
needle  as  a  magnet  would  do, 

2.  Electric  currents  affect  each  other  like  magnets. 

3.  A  magnet  acts  upon  an  eledric  current  as  a  second  eun-eni  would 

4.  Electric  eurreitts  in  conductors  excite  similar  currents  in  other  •on- 
dudors  within  ihtir  infiuenee. 

5.  Magnets  excite  electric  currents,  and  all  the  electrical  effects  depend- 
ing upon  them. 

Hence,  when  magnetism  is  escit«d  by  electjio  currents,  it  is  called 
electro-maynetisin :  and  inversely,  wheo  electrical  currents  result  from 
magnetism,  they  are  called  magnelo-eleetricat  currents. 

It  is  impossible,  in  our  narrow  limits  of  space,  to  consider  each  of  these  pro- 
positions in  full  detail.  We  shall  endeavor,  however,  to  present  those  phsoo- 
meua  and  their  applieafims  which  are  of  most  general  interest 
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903.  CBratBd'a  discovery,— In  1819-20,  Prof.  Hans  ChrJBtian  (Er- 
stpd,  of  Copenhagen,  in  a  course  of  researches  upon  the  relation  of  the 
Voltaic  apparatus  to  the  magnet,  made  the  discovery  of  the  fundamental 
fact  of  electro-magnetiam,  stated  in.  the  first  of  the  foregoing  proposi 
tions.  Many  physicist?  had  hefore  sought  t*  evolve  the  phenomena 
of  magnetism  from  the  hatterj;  hut  in  vain,  because  they  proceeded 
without  connecting  the  poles  by  a  conductor,  in  which  case,  of  course 
(as  we  now  clearly  see),  the  power  of  the  apparatus  is  dormant,  like 
»tagnant  statical  electricity  in  an  unexcited  conductor.  (Erskd  closed 
the  battery  ch-cuit  by  a  conductor ;  and  therein  rests  his  discovery.  He 
found  when  such  a  conjunctive  wire  was  approached  to  a  free  needle, 
that  the  needle  was  influenced  by  it,  as  if  he  had  used  a  second  mag- 
net :  in  other  words,  the  conducting  wire,  of  whatsoever  metal  it  might 
happen  to  be,  had  itself  become  a  magnet. 

If  positive  electricity  flows  from  sooth  to  north  over  a  horizontal 
conducting  wire,  placed  in  the  magnetic  meridian,  then  a  free  magnetic 
needle,  6  a,  fig.  653,  would  have  its  north  end,  6,  deflected  to  the  west. 


if  it  is  placed  below  the  conducting  wire,  and  to  the  east  if  it  is  placed 
above  the  wire.  If  the  needle  is  placed  on  the  east  side  of  such  a  uon- 
duclor,  its  norOi  end  is  depressed,  if  on  the  west  side  of  the  wire,  the 
north  end  of  the  needle  is  raised.  Reversing  the  direction  of  the  cur- 
rent, reverses  all  these  movements. 

The  rectangle,  fig.  65-1,  surrounding  the  magnetic  needle,  has  three 
;onnections,  by  the  use  of  which  the  current  may,  at  pleasure,  be  sent 
above  or  below  the  needle. 

(Ersl«d  also  found  that  only  needles  of  steel  or  iron  were  thus  atfeeled,  and 
not  those  of  brasa,  Inc,  and  other  uon -magnetic  substances.  He  called  the  eon- 
dnotor  a  "  coiyunciirr  wire,"  and  he  describes  tbfl  eifeot  of  the  eleetrie  current 
(or  the  "electric  conflict,"  aa  he  calls  it),  as  retemUiag  a  helix;  and  that  it  is 

;t  of  (Erfifed's  dlsQoverj  naa  remarkable.     The  BcientiSc  world  waa 


confined  tc 
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AmpSre,  Davy,  and  a  crowd  of  philosophers  in  all  countries.    The  aet.vitj  will 

this  honr ;  while  it  has  home  fruit  in  a  multitude  of  important  theoretical  nnd 
practical  liuths,  among  nhich  is  the  electro-uaohetic  TELiiGTiAFU,  one  of  thi 
great,  features  of  this  age. 

904,  The  electio-magoetio  ouirent  moves  at  Tight  angles 
to  the  oouiae  of  the  conjunctive  ■wire. — Let  a  current  flow 
over  a  conductor  iu  the  direotiou  of  the  arrow,  fig.  655,  from  +  to  —  ; 
a  small   har  of  soft  iron,  or  a  steel  sewing-  g^j 

needle,  held  vertically  before  this  wire,  be- 
comes instantly  a  magnet,  with  its  N.  pole 
toward  the  earth— place  the  rod  of  iron  on  the  " 
opposite  side  of  the  conjunctive  wire,  and  its 
polarity  is  instantly  reversed,  as  in  the  figure.  Revolve  it  in  either  posi- 
tion in  a  vertical  plane  at  right  angles  to  the  conjunctive  wire,  and  the 
induced  poles  will  retain  their  relation  to  the  current  in  every  position ; 
t.  e.,  the  end  marked  N.  in  the  figure,  will  remain  north  at  every  poiat 
of  the  revolution.  If  a  steel  needle  is  used,  it  retains  polarity  after 
the  current  ceaaea  to  act  on  it.  If  the  bar  or  needle  be  laid  parallel  to 
the  conjunctive  wire,  then  the  two  sides  of  the  needle  or  bar  have  oppo- 
site polarities. 

Hence,  it  follows,  that  a  free  maenetic  needle  tends  to  place  itself  at  right 

and  were  the  needle  free  from  the  directive  tendencj  of  terrestrial  magnetism, 
it  would  so  place  itaelf.  The  electra-magnetic  current  is,  therefore,  a  langential 
force,  and  acts  tnageutislly  upon  a  free  needle. 

of  polarity  induced  hy  it  in  a  needle,  it 
To  aid  its  exact  statement  l>y  some  si 
following  rule  :— 

T}ie  noHh  pole  of  a  magnet  is  invariably  deflected  to  the  leji  of  the 
current  jehich  passes  between  the  needle  and  the  observe;  wiko  is  to  have 
his  face  towards  the  needle,  the  eleelric  current  being  supposed  to  enter 
from  his  feet  andpass  out  of  his  head. 

A  verification  of  these  cardinal  principles  by  actual  eiperiment,  is 
the  only  way  in  which  the  student  can  obtain  a  vivid  and  lasting  im 
pression  of  them. 

905.  Galvanometers  or  nmltipliets. — If  the  conjunctive  wire  is 
beot  into  a  rectangle,  fig.  656,  so  as  to  carry  656 

the  current  once,  or  many  times,  around  the  £ 

needle,  then  the  effect  of  the  same  force  o 

needle  is  multiplied  in  proportion  to  the 

ber  of  convolutions.     Thus   Schveeigger   c 

trived  his  multiplier,  fig.  656,  composed  of  a 

flat  spool  of  fine  insulated  copper  wire  within  which  the  needle  n 
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suBpenJL  i  By  thia  mpine  i  very  feel  1e  current  1  nime  quite  sensible 
For  ordinary  p  irpuses  a  few  turns  nr  jt  nnv  be  thrpe  hundreJ  or 
four  hundrei  i,  mnlutions  Buffiio  but  f  r  piitKul  r  piiip  se'J  and 
where  the   our  6j7  Cas 


(737),  is  u-ed    u 

which  the  needles  a*    in    tig  657 

quite  equal  leaving  a  very  alight  diteoti 

force  only     F  g   fi51  «how8  thia  delicate  i 

sttument  in  it?  most  perfect  form  as  ua 

In  determining  (he  lawa  of  troDsmi  sion 

heal,  as  wall  as  for  other  pui 

ing  a  very  sensitive  insfruiu 

lowec  and  stronger  needle  is  en  lu  r      n  the 

helix,  D   while  the  system  i^  an=pe       d  ly 

a  Shre  of  raw  silk   beneath  a  glass  <I  nde 

leveled  by  three  si-rew  feet,  C      Tha  ends 

of  the  spool  are  seen  at  F  K    nhile  hj  tl  e 

head,  B,  the  nbole  instrnment  nii>   be  r 

Tolvad  E    Bi  to  bnna  the  «  res  of  the  spool 

parallel  to   the   auspende  1    needle   at   rest^ 

which  is  the  position  of  „r  -itest  sensitive 

nesa.    The  sensitiveness  of  such  an  amnge      _ 

mant  is  very  great      Suppose  for  e\  mple,     "^E 

there  are  five  hundred    revolntiona   m  the        ^ 

eoil,  then  the  loivar  nee  lie  i<  loted  on  ono 

thousani  timei  an  1  the  uppor  one  f "«  hnnJred  t  m 

(ho  origi 


dire. 

given  needle  i 


ot  the 


irlh'B 


i  (795). 


the  noedleE  alone  made   sixty  vibrationa  in  a 

we  have  36»0  :  IDO  as  the  nnmhera  lepresenting 
the  sfTect  of  terrestrial  magnetism  in   the  two 

quantly,  the  elactric   current  will   affei 


The 


re,  he  increased  hy  aueh 
uater,  1501)  X  ^^  =  54,000  (jmes. 
ei|  insive  form  of  galvanometer  it,  aeen  in  fig.  0119. 
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900.  The  tangentB  ox  sine  compass  galvanometer.  —  Tliia 
instniment,  invented  by  Poaillet,  ia  designed  tu  mca.sure  currents  of 
greater  intensity  tlian  can  be  meaBured  by  the  eoEimon  galvanompter. 
It  depends  on  the  establialied  principle,  that  the  intensity  of  a  cur- 
rent is  proportional  to  the  sine  of  the  angular  deviation  of  the  necdia 
The   angle  of  deviation  being   known,  and  geo 

(onseqiiently   its  alne,  the  intensity  of  the 
torrent  is  espressed  in  terms  of  the  sine 

Fi^.  6fl0  ahons  tbe  arrangemeDt  of  this  la      a 
laeot,  in  which  the  onrrent,  entering  bj  the  con  u 
tHfS,  ia,  through  the  ivory  pieoe,  B,  eircula    3  a 
few  timas  only,  sometimea  onlj  once,  over  the    e 
tioal  circle,  M,  placed  in  the  miignetio  merid 
The  magnetic  needle,  m,  is  deBected  upon  tbe 
lontal  circle,  N,  in  propordon  to  tbe  force  of    he 


leedle, 


to  record  llie  angular  dBvialion  of  m  from  its 
trM  point  When  tbe  needle  is  at  reat,  the  ye 
circle,  M,  ia  revolved  upon  the  atandard,  0,  by 
button.  A,  until  its  plane  coincides  with  the  p 
of  deviatioa  of  m,  and  this  angular  distan 
then  read  off  by  Che  vernier,  C,  upon  the  1 
graduated   circle,   H.      Thi 


modifiea 


e  fori 


of  ii 


ircbes. 


907.  Rheostat.— This  simple  contrivance  of  Whenlstone's  ser' 
introduce  a  longer  or  shorter  conducting  wire  into  any  circuit,  th 
tensity  of  which  it  is  proposed  l«  measure  by  the  galvanometer, 

Binco  the  intensity  of  the  eurront  ta  inversely  as  the  length  of  the  circuit 

length,  produce  from  any  current  a  deter- 
-  n  (aay  30"},  on  the  galvn- 


eonduotor,  the  handle,  d,  ia  put  on  thi 
right,  until,  aa  in  tbe  cut,  one-half,  for 
A.  But  A,  being  a  metallio  conductor 
aouiBB,  aud  the  only  part  of  the  wire 
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iTcd  on  -Me  farthei 
nsable  iu  exact  obec -vationE. 

908.  Ampere's  electro- magnetic  diBcoveriea  and  theory.— Im- 
mediately after  the  firm  announcement  of  CErsted's  disooverj  of  tlie 
magnetic  powers  of  a  conjunctive  wire,  Ampfere,  one  of  the  moat  re- 
nowned of  the  French  phjsicistB  [bom  1755 — died  1836),  commenced  a 
neries  of  eiperiments  {September,  1820)  to  determine  the  laws  ^m- 
cerned  in  these  curious  phenomena,  Of  three  principal  hjpotheaifl 
which  he  framed  to  this  end,  he  finally  accepted  and  demonstrated  the 
ftllowing,  viz. : — 

A  magnet  tj  composed  of  imUpeitdenl  elements  or  moleevles,  lehifA 
tet  m  if  a  closed  electi-ie  circnil  existed  teilhin  each  of  them :  in  other 
words,  each  of  these  magnetic  molecules  may  be  replaced  by  a  conjunctive 
wire  bent  on  itsdf,  in  which  a  constant  current  of  eUctricity  is  maintained, 
as  front  a  Voltaic  circuit. 

This  hjpothosie  he  roaintamed  bj  singalarlj  ingenions  experiments,  many  of 
niiich  neie  tbe  direct  euggestton  of  tbe  bypotheslB  'utell,  and  be  biuugbt  all, 
by  hia  poner  of  matheniatical  analjaia,  into  eiaet  conformity  with  bia  theory. 
This  theory  recogniaea  only  soch  forces  as  are  common  to  mechanical  physics, 
»nd  oftan  called  "pxch  and  pull"  forces.  These  forces  are  mutual,  and  belong 
to  all  electric  currents.  In  permanenl  magneta,  ths  minulc  circular  and  parallel 
onrreots,  pertaining,  hj  this  theory,  to  each  magnetic  molecule,  all  act  at  right 
angles  to  the  magnetic  aiis  or  line  of  force.  Hence,  ns  iu  (Ersted'a  experiment 
(903),  tbe  magnetic  neeille  strives  to  place  itaelf  at  right  anglea  to  the  path  of 
the  oatrent  on  the  conjunctive  wire,  it  follows,  that  currents  in  the  m^net  eeek 
a  parallelism  to  that  in  the  conjunctive  wire.  Graating  tbia  to  be  due,  it  fol- 
lowa,  aa  a  corollary  from  the  premiaea, — 

lat.  That  two  free  coiidiKliiig  wirei  mtM  atlrarl  or  repel  each  other,  according 
to  the  direction  "/  the  earrenM  tn  (ieni, 

3d.  That  a  conjniiclioe  i«>a  moy  be  made  in  all  reepeeli  la  si'miifaie  a  inagrnt. 

909.  Mutual  action  of  electtincvxieata.^Paralkl  currents  attract 
each  other  when  they  fiow  in  the  same  direction.  Thus,  in  fig.  662,  wheie 
the  arrows  and  tJie  signs  +  and  —  indicate  the  flow  of  the  currents  to 


be  identical,  there  is  attraction,  while,  in  fig.  663,  the  same  signa  show 
the  currents  to  be  reversed,  in  conformity  to  the  law  that: — Parallei 
currents  repel  each  other  when  their  directions  are  opposite.  To  illustrate 
these  laws  experimentally,  one  of  the  conductors  should  be  fiicd, 
and  the  other  movable.  The  following  simple  apparotue  also  illus- 
trates these  laws,  and  several  other  points  of  interest  presently  to  be 
noticed 
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,.  fig.  e 


lit  tit 


join  the  ) 


is  of  a, 


liDgle 


ia  plaeed  in  a,  vessel    f  acidu 
•reutieth  aulphunc  aidi)    an 
tha  direotinn  of  the  arrow      Then 


by  a 

th«  nire  hetne 

if  the  eurreut  is  floning  in  the  same  direction   the  float  irill  be  attracted  to  tho 

wire  in  the  hands;  if  otherwiee,  repuleioa  Is  Eeen      If  the  two  wires  are  not 

parallel  to  each  other,  then  the  movable  carrcnt  icek<  to  take  op  n  position  of 

par^lelism,  or  one  in  which  the  two  cnrrents  havo  a  similar  direction.     A  little 

rectanguliir  frama  of  wood  3X6  in,,  may  be  wound  with  tan  or  twelve  turna  of 

fiuo  copper  wire,  covered  bj  Eilk  in  the  manner  of  a  665 

galvanometer,  and  its  free  ends  connccled  with  a  bat- 

terj  will  give  a  stronger  current.     By  simply  turning 

the  frame  in  the  hand,  the  direction  of  the  current  iB 


other  pole,  K, 
the  spiral  attra< 


3  the  noxt  tam,  sborteiiing 
mercurial  oonnecdoi  '  ■ 
I  oonnection,  and  thi 


kept  up. 


We  add  the  following  general  propositioE 

1.  Two  currents  following  each  other  in  the  s 
different  parts  of  the  same  current,  repel  each  other. 

2.  Two  fixed  carrenta  of  equal  intensity,  flowing  near  and  parallel 
to  each  other  in  oppositfl  directions  (as  when  the  same  wire  returns  on 
itself  without  contact),  eiert  no  influence  on  a  fixed  current  running 
near  them;  in  other  words,  they  eiaotly  neutralise  each  other,  and 
their  effect  is  null. 

The  rotation  of  electric  conductors  about  magnets,  and  the  revefMe ; 
th       fat   n  of  a  magnet  on  ita  own  axis  bj  an  electric  current,  and  the 
tat    n    f  electrical  conductors  about  each  other,  are  all  points  most 
c  and  instruotive  to  tra«e,  did  space  permit.     The  student  will 

hnd  th        principles  very  neatly  illustrated  by  appropriate  apparatus 
n  D         s  Manual  of  Magnetism.    The  researches  of  Henry,  Page,  and 
th      An  rican  physicists,  have  made  very  importaiil  additions  to  this 
d  parta    nt  of  physics. 
910    Helix,  solenoid,  or  electro -dynamic  Kpiral. — By  winding 
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the  conjunctive  wire  into  a  helix,  as  in  Sg.  666,  and  piirrving  tlie  win 

back  again  tlirough  the  axis  of  this  666 

spiral,  C  B,  the  effects  of  the  current      — -- 

from  A  to  B,  will  be  neutralized  by  c'^-^Tj^iS^yQ^Ji^^^iyi^l^iy^ 


a  from  B  to  C,  and  there 
n  oolj  the  effect  due  to  its  spiral  ri 


n  about  C  C.  Ampfro 
called  this  form  of  the  wire  a  solenoid.  The  affect  of  the  heliu  thus 
wound,  ia  reduced  aolely  to  the  influence  of  a  series  of  equal  and 
parallel  circular  currents.  By  winding  the  silk  covered  wire  in  the 
nianncr  shown  in  fig.  667,  the  two  ends  of  the  coil  arc  returned  to  tlie 
centre  of  gravity,  and  being  pointed  667 

with  steel,  the  whole  syBtein  can  be 
couTeniently  suspended,  as  in  fig.  668, 
upon  what  is  called  an  Ampfere's 
frame,  in  which  the  arrows  show  the 
course  of  the  current  from  the  battery  e 
to  the  helix  or  solenoid  thus  suspended. 
When  the  current  is  established,  the  asis  of  the  solenoid,  A  B,  swings 
into  the  magnetic  meridian,  while  ita  several  spires  are  in  the  plane  of 
the  magnetic  equator.   This  position  66S 

it  assumes  in  obedien  e  to  the  soli 
citatim  of  terrestrial  magnetiom 
consequently  it  s  mulitea  in  all  re 
Bpects  the  character  of  a  nngnet  i, 
needle  although  possessing  not  a 
particle  of  iron  or  steel  ii 
tare  If  a  aeoind  helix 
wh  eh  also  a  current  pas' 

presented  to  the  fir'it  aa  in  fi"  6f  s  all  tl  e  j 
an  I  repuhinn  w  11  le  seen  the  auliou  of  the  t' 
le  ng  to  each  other  esaUlv  like  these  of  tw' 
miijnets 

De   Li   E  >t  8   fl  at  ng  current    already  es 
plained  m  J  909,  is  alo  well  adapted  to illustrat 
the  attractive  and  repulsive  influence  of  a  magnet 
on  a  free  conjunctive  wire,  aa  well  also  as  i 
dience  to  the  solicitations  of  terrestrial  n 
ism.     For  this  purpose  the  conjunctive  ^ 
wound,  as  in  fig.  659,  Into  a  helix.    Left  tc 
this  apparatus  will  act  just  aa  the  solenoid  on  the  frame   fig  60'*   and 
will  obey  the  impulses  'f  a  magnetic  bar,  or  of  another  solenoid. 
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911.  Directive  action  of  the  eaith.— These  effects  arc  ex[ressed 
iu  the  following  law ; — 

Terrestrial  magnetism  acts  vpon  electric  currents  just  as  if  the  eaxiri 
globe  viaa  encircled  with  electric  currents  from  E.  to  W.  in  lines  parallel 
to  the  magnetic  equator. 

The  direction  ia  which  these  currents  are  supposed  to  move  I3  the 
same  with  the  apparent  motion  uf  the  sun,  and  the  one  in  wliioh  the 
earth  s  surfiie  receives  its  advancing  ray  and  n  t  n  m  kn  wn 
thft'  elei,tricTl  currents  generated   hy  h  at  t  p  ly  th      a  la 

influenoB  on  the  magnetic  needle  as  Vol  nt    d     th      f    e  it 

has  been   nferred  that  the  thermal  action    f  tl         n        th    {,  ng 

and  miintaining  cause  of  the  currents  of  t         t     1  n   (^01). 

912    Magnetizing  by  the  helix,— W   ha       1       1j(805)d         bed 

a  mode  of  producing  magnets  from  an  electrical  current.     The  eiplft- 

aa  been  said,  is  easy.     As  each  volute  of 

h  current,  is  itself  an  active  magnet,  it  is 

united  influence  of  a  great  number  uf 

ar  rents,  the  coercitive  force  of  a  steel  bar, 

d         decomposed,  and  active  magnetism  be 

th  ansient,  according  as  steel  or  iron  is  the 

p  B         1  series  of  sparks  from  an  excited  eloc- 

tr  p        d  a  helix,  will  magnetize  a  steel  needle. 

r  !0  situated 
or  loft-handed  twiat  of  the  spire.     If  the  Qurri 
wire,  as  in  fig.  670,  turns  froni 
left  to  right  (like  the  hands  of 
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with  il 

ron  filings,  they 

will  arra 

nge  them 

fig.  «r 

3,  not  bristling 

as  in  th< 

;  magneti 

opposi 

close  cone 

length  of  the  conductor. 

This  fac 

by  An 

tgo.  in  1824,  am 

1  by  oth. 

ra,  before 

applic 

iaductioi 

tiam  in  soft  iron. 
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nd  with  n 

}f  insulated  wire 
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'  eonsiderablo   q 

uantitj,  1 

3.   cylinde 

nipended  i 


D  fig.  674,  will  be  dri 


id  air  without  visible 
ilcdofin  the  electro-mi 


913.  Electro-magnets. — Electro-magnetB  ii 
of  soft  iron  wound  with  coils  of  closely  packed  and  ii 
lated  copper  wire,  varying  in  aize  and  length,  iccordmg 
to  the  use  to  be  made  of  them.  Fig.  675  eho' 
usual  form  of  those  designed  to  sustain  great  weights  ' 
The  spools,  A  and  B,  are  virtually  continuations  of  one  spool,  the  direo 
tion  of  the  whorl  being  apparently  reversed  by  tho  bend  'if  the  horse- 
shoe. If  a  lovor  of  the  third  order  (113)  is  used  as  a  steelyari  tl  e 
lumher  of  heavy  weights  is  avoided  in  the  use  of  these  in  truments 
and  the  power  of  tho  apparatus  is  easily  tested. 

Electro-magnets  develop  their  surprising  power  only  when  the  arma 
ture  is  io  contact  with  the  poles,  a  fact  due  to  induction  witl  out  the  x 
armatures,  they  su9ta,in  not  a  tenth  part  of  their  maiimum  loai  They 
are  capable  of  over-saturation  by  an  excess  of  battery  power  and  after 
that  ban  been  cut  off,  they  retain  a  remarkable  residua!  force  so  long 
as  the  keeper  is  in  place,  bnt  as  soon  as  the  armature  is  detached  the 
wliole  of  this  residual  magnetism  is  lost.  Their  polarity  la  instauta 
neouslj  reversed  by  reversing  the  poles  of  the  battery.  This  complete 
and  immediate  paralysis  and  reversal  of  power,  renders  these  magnets 
of  inestimable  value  in  esperimenfal  n 


Sturgeon,  of  England,  i 


1825,  a] 


nticl 


reduce  soft 
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Iron  eleofio-magneta.     Prof.  Heniy,  and  Dr.  Ten  Byck,  in  1830,  p! 


the  d 

one  of  which,  weighing  15  lbs., 
hali  2090  lbs.,  equal  to  nearly 
140  times  its  own  weight.  It 
was  wound  with.  4  covered  cop- 
per wires,  yi^  inch  diameter,  and  eaol  2  feet  long  0  !  tl  e  1  ngthofthe 
soft  iron  being  8  inches,  and  its  o  er  d  e  er  three  o  hpi  Another 
magnet  weighing  1057  grains  supported  twelve  pounds,  or  1286  times 
its  own  weight ;  and  a  very  minute  one,  which  weighed  only  63'3  grains, 
carried  on  one  occasion  1417  grains,  or  2834  times  its  own  weight.  The 
last  is  more  than  eleven  times  the  proportionate  load  of  the  celebrated 
magnet  of  Sir  Isaac  Newton,  ^  806. 

514.  Page's  revolving  electro -mag  net,  fig.  67B,  affords  satisfactory 
STideuoe  of  the  great  raplility  with  nliicli  a  mass  of  soft  iron  may  receive  and 
part  with  mBgnetism,  haviiig  ili  polarity  revErsed  also  by  a  change  of  posititn. 
la  tbis  instrument,  a  permanent  U-magnet  bas  a  rerlical  spindle  in  its  aiis,  oD 
Ibe  upper  end  of  vMoh  is  placed  a  mass  of  soft  iron,  destined  to  receive  inducel 
magnetism  tbroagb  tHe  covered  wire  with  which  it  is  vound,  and  whose  ends  ara 
tepreeenled  by  the  two  3'rew  cups,  one  on  BRct  side.     By  a  simple  conttivanco 
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915  Power  of  electro  magnets  — Tho 
[lower  of  eleutro-magiietB  dependa,  1st,  on  the 
intenBity  of  the  current;  2d,  on 
of  whorls  111  the  helix  ;  3d,  on  the  kind  and 
shape  of  the  iron  bar ;  4lli,  on  the  forni  and  size  of  the  keeper  or  armn- 
ture.  These  points  have  been  studied  by  Lenz  and  Jacobi,  and  many 
others,  of  whom  the  results  of  Dub  are  the  most  recent.  Dub  distin- 
gnisbes  between  magnetism,  attraction,  and  sustaining  power,  in  electro- 
magnets, confining  the  term  magnetism  to  the  magnetic  excitation  due 
to  the  Voltaic  current.  Lena  and  Jaeobi  measured  this  by  means  of  the 
induced  current  excited  by  the  vanishing  of  the  magnetism  to  which  it 
ia  proportional.  When  a  second  bar  of  soft  iron  is  caused  to  approach 
the  first,  this  also  becomes  magnetic  (by  induction),  and  by  n-fold  mag- 
nelism,  Ji'  times  the  attraction  is  produced ;  until  actual  contact  hap- 
pens, when  this  ratio  is  no  longer  maintained. 

Dull  gives  the  following  summary  of  liie  results : — 

1.  The  attraction  of  U-shaped  electro-magnets,  with  an  equal  number 
of  windings,  is  proportional  to  the  squares  of  the  magnetizing  current 

2.  The  attraction  of  V  magnets  is,  with  equal  currents,  proportion^ 
to  the  square  of  the  number  of  windings  of  the  magnetizing  spirals. 

3.  The  attraction  of  U  magnets  is  proportional  to  the  square  of  tht 
current  force  multiplied  by  the  square  of  the  number  of  windings, 
[This  is  true  alike  for  attraction  and  sustaining  force,  both  in  ,Lfa!ght 
and  in  U  magnets.] 

4.  The  magnetism  of  massire  cylinders  of  iron  of  equ\  length, 
magnetized  by  Voltaic  currents  of  equal  force,  and  by  spir  .Is  of  an 
*}ual  number  of  windings,  closely  surrounding  the  core,  is  ft.curately 
proportional  to  the  square  roots  of  the  diameters  of  these  cyiiiiders. 

5.  Far  the  particular  case  ia  which  the  surface  of  contact  does  not 
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disturb  the  resull,  the  attraction  and  sustaining  force  are,  with  equal 
magnetizing  furcea,  proportional  to  the  diameters  of  the  bar  or  tl- 
magnets. 

6.  The  attrnction  of  bar  and  0-shaped  eleotro-magnets  with  equal 
magnetizing  forces,  increases  the  nearer  the  whole  of  the  windings  ate 
to  the  poles. 

7.  The  attraction,  like  the  sustaining  force  of  V  electro-magnets— 
other  things  being  equal^remaina  the  same,  whatever  be  the  distance 
of  the  branches  of  the  magnet. 

8.  The  length  of  the  branches  of  a  U-shaped  electro-magnet  has  no 
influence  on  ita  attractive  or  suataining  force,  if  the  windings  of  the 
spiral  aurround  ita  whole  length. 

In  addition  to  these  laws,  the  author  haa  found  that  the  attraction 
which  a  helix  or  spiral  exerts  upon  a  soft  iron  bar  placed  in  its  axis, 
follows  the  same  law  aa  an  electro-magnet ;  hence  it  follows,  that ; — 

9.  The  attraction  of  a  spiral  is  proportional  to  the  square  of  the  mag- 
netizing current,  multiplied  by  the  square  of  the  number  of  windinga.* 

The  sustaining  power  of  an  electro-magnet  increases  with  the  mass 
of  (he  armature  up  to  a  certain  point,  not  exceeding  the  mass  of  the 
electro- magnet  itself;  and,  moreover,  Liais  has  shown  that  an  arma 
t«re  whose  face  of  contact  ia  not  over  one-third  the  breadth  of  the 
poles  to  which  it  is  applied,  gives  a  maximum  effect. 

For  some  ourioua  results  with  circular  and  trifurcate  electro-magnets, 
and  the  applications  of  this  force  to  "  break  up"  railway  trains,  con- 
sult the  papers  of  Pro    N    k       (Am  [  ],  XV.,  104  and  380 ; 
and  XVI.,  110  and  33  ) 
915.  Vibrations  and  mn      a       ne         m  nduced  magnetism. — 


traled  by  the  ssme  ingeni  y  mparted  to  Trevel!; 

bats  bj  the  current  from  two  or  three  celia  of  flroye'e  battery.  (Am,  Jour 
12],  IX.,  105.'  Trevellyan'B  bars  are  prismatio  bars  of  brsse,  bullon  on 
tide,  ao  as  tr,  rest  by  sharp  edges  on  blocks  of  lead.     When  tbcae  are  g< 


Sn«  to  molecular  disturbance  by  heat.     A  Voltaic  current,  according  to  Dr. 
Page's  obsErration,  producer  the  same  effect  as  beat,  but  more  remarkably. 
917.  Electro- magnetic  motions  and  mechanical  power. — Tha 
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fiicilitj  -with  which  masses  of  soft  iron  may  be  endued  with  ei 
magnetic  power  bj  carreiits  of  Voltaic  electricitj,  and  again  discharged, 
or  reversed,  in  polarity,  has  led  to  numberless  contrivances  to  use  this 
power  as  a  mechanical  agent.  A  great  variety  of  pleasing  and  instruc- 
tive models  of  such  machines,  with  the  use  both  of  permanent  magnets 
and  of  electro-magnetic  armatures,  or  of  electro-niagneta  only,  are 
described  in  Davis's  Manual  of  Magnetism.  The  revolving  armature, 
fig.  676,  is  one  of  these. 

We  annei  a  figure  of  an  electro-magnetic  engine,  similar  to  one  by 
which  Dr.  Page  ohtained  a  useful  effect  of  ton  horse-power,  in  driving 


machinery,  and  transporting  a  railway  train.     A  and  B,  fig.  677, 


two  very  j.  we  i  1  hel  ccs  of  insulated  ljj  ppr  vi 
two  hea\y  rylmdersof  ftft  iron   CI 


boll. 


n  themd^oi 


a  beam  d  F I  like  the  working  beam  of  a  steam-engine.  By  the  move- 
ment of  an  ec<entric  L  on  the  mam  ^haft  of  the  fly-wheel,  the  poles 
are  changed  it  the  n  nment  to  magnetize  and  de-magnetize,  alter- 
nately, the  two  hLlices  drawing  into  t!  em  the  two  soft  iron  cylinders, 
by  a  force  of  many  hundred  p  und*"  Pr  f  W.  R.  Johnsun  tested  the 
force  of  an  engine  of  this  kind  built  >y  Dr.  Page,  in  1850,  and  found 
it  to  give  about  sis  and  a  half  horse  power  (Am.  Jour,  Sci,  [2J,  X., 
4T2.) 

M.  Jacobi,  of  St.  Petersburgli,  bos  atndied  tbis  subject  vaj  carefullj,  and 

Cook  and  DlTenport,  so  well  known  in  tbe  United  States  in  IS37.  Froment, 
of  Paris,  baa  also  construoled  a  powerful  apparatus  of  this  aort,  in  wbicb  arma- 
tures  of  Eoft  iron  on  tbe  periplieij  of  a  vheel  are  drawn  towards  eleetTo-magneM 
placed  radiallj. 

In  all  tboEo  ruacbines,  it  is  beat  developed  by  cbcniLCal  action  tbat  is  trans- 

fonned,  in  the  form  of  magnelio  attraction,  into  UKobanical  work  17611.    -As 

the  result  of  a  graat  many  cxpcriiaenU,  Mr.  Jonle  bas  sbown  that  tbe  Iwst  tbeo. 

ralical  result  from  tbe  haat,  equivalent  to  tbe  EoluUon  of  a  grain  of  lino  in  • 

5*' 
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butler;,  is  eight;  lbs.  raised  one  fnot  bigL.  But  a  grain  nf  ca&  liuTned  In  ■ 
Cornish  boiler,  raises  one  hnndrad  and  forty-three  Iba.  one  foot,  ana  the  price  of 
the  coal  is  to  that  of  the  line  as  9d.  per  ewt.  to  21ftl.  per  ewt.  Therefore,  under 
the  beet  eonditions  (which  are  never  reached  in  practice),  the  magnetic  force  ii 
26  timcB  dearer  than  that  of  steam.  Until,  therefore,  lino  is  cheaper  than  ooal, 
in  the  proportion  of  80  to  143,  coal  will  probabi;  be  burned  in  atmospberio  rir, 
pceferahly  to  the  combustion  of  linc  in  sulphuric  acid,  to  prodaeo  meehanical 
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I.  Action  of  magnetism  on  light,— Fig.  079  thava  the  appa- 


ntuB  designed  by  Ruhmkorff  in  lUostration  of  FariKjs  magnetii 
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rotatory  poIarizatioD  of  light  already  spotco  of  under  Optica  (560). 
Two  powerful  indueiog  ooila,  N  and  M,  sacrtund  two  hoUuw  oylinderB 
3f  soft  iron,  S  and  Q.  The  current  enters  the  bobbins  by  A,  and  fol- 
lowing the  direction  of  the  arrows,  returns  by  B.  The  two  coils  slide 
in  the  groove  in  tbe  base,  K,  on  the  two  supports,  00,  so  that  they 
may  be  approached  or  withdrawn  at  pleasure  by  turning  the  screws, 
mm.  K  commutator,  or  interrupter  of  tbe  current,  is  arranged  at  H  n. 
At  a  and  b  are  two  Nicol'a  prisms  (553),  of  which  a  has  a  yernier  oi 
index,  reading  the  degrees  on  the  graduated  circle,  P.  To  make  the 
experiment,  a  piece  of  heavy  glnss,  or  eillciouB-borate  of  lead,  c,  is 
placed  on  a  support  between  the  poles  S  and  Q.  A  ray  of  light  from 
the  candle,  polarized  by  the  prism,  6,  is  transmitted  through  the  glass 
in  the  axis  of  the  poles.  When  the  current  is  applied,  the  ray  of  light 
appears  to  be  revolved,  similarly  to  the  effect  produced  on  polarized  light 
by  quarts,  or  oil  of  turpentine  (556).    A  greatnumber  of  other  solids  and 


liquids  are  found  to  act  i 

n  a  like  ma 

nner,  but  to  a  less  degree,  than  in 

the  case  of  "  heavv  glass 

■■    As  no  roi 

tatioQ  of  the  ray  takes  place  unless 

there  is  some  m  i 

wh    h  th 

g     t   m        y      t    t  1  as  been 

argued  with  som     f 

by  B    q 

1       d      h        tl    t  th     action  is 

■wholly  due  to  a  m  1       1 

h 

th        1  d     nd          p     ment,     A 

reversal,  howeve       f    h 

d       t 

■nh    h  tl         y  t        1     reverses 

the  direction  of     t  t 

th    pil 

d      y                    f            ot  found 

in  bodies  in  the      t       1 

1  t        11 

pp      t        1                  t     llustrate 

the  phenomena  of  diamagnetism. 

920.  Diamagnetism. — We  have  already  (799)  alluded  to  the  action 
of  magnetism  upon  all  bodies,  discovered  by  Dr.  Faraday,  in  1846,  a 
discovery  which  alone  would  place  its  author  in  the  highest  rank  of 
modern  philosophers.  By  the  use  of  the  apparatus,  fig.  680,  he  proved 
that  every  substance  which   he   tried,   solid,  680 

fluid,  or  gaseous,  was  sub- 
ject to  in  agnatic  influence, 
Assuming  either  the  equa- 
torial  or  axial  position, 
according  to 

For  solids, 
ids,  fi 
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aeM  has  the  form  of  a  little  bar,  it  lesta  athwart  the  axis  V 
magnetic  liquids,  alcohol,  water,  and  moat  saline  aolutione, 

arlj  affected.  If  tber  are  tilled,  however,  B 
oo,  oickel,  or  cobalt  'hey  than  arrange  the 
iicker  haa  abonu  tbut  if  tbese  magnetic 


pelled,  a  fac 

and  the  flames  of  combustible  gaa  from  various  sourci 
are  differently  affected,  both  by  the  nature  of  the  con 
buatible   and   by  the   nearnees  of  tbe   poles.     The  fian 

into  the  form  of  a  parabola,  whose  two  arms  atretoh  upwai 

smoke.     Oxygen,  which,  in  the  air,  is  powerfully  magnet 
(T99),  becomes,  whea  heated,  diamagnetic.     A  coil  of  pla- 
tinum wire,  heated  by  a  current  of  Voltaic  electricity,  and 
placed  beneath  the  poles  of  faraday's   apparatus,  occasio 
ward  current  of  air,  but,  when  magnetism  is  induced,  the 
divides,  and  a  descending  current  flows  down  between  the 
The  follon 


son  par 


substances,  vii. :  iron,  nickel,  cobalt,  manganese,  palladium,  crown-glass, 
platjanm,  osmium,  Tbe  lero  is  vacurim,  Tlie  dianiagneiii:t  are  arranged  in  the 
inyerse  order,  commencing  witi  the  most  neutral:  arsenic,  ether,  alcohol,  gold, 
water,  mercury,  flint-glass,  tin,  "  heavy  giasa,"  antimony,  phosphorus,  biemutb. 
PiUcker  has  further  demonstrated  the  important  fact,  that  the  optic  axis  of 
Iceland  spar  is  repelled  by  the  magnet — a  fact  probably  true  of  many  crystals — 
in  some  of  nhicb  the  magnetje  axis  is  parallel  to  the  longer  axis  of  crystallisa^ 
Hon.  Thus,  a  piece  of  kyanilo  will,  under  the  influence  even  of  the  earth's 
magnetism,  arrange  itself  like  a  magnetic  needle. 

921.  Historical  .—The  thought  of  making  telegraphic  comniunica- 
tioos  by  electricity  appears  to  have  suggested  itself  us  booh  as  it  was 
known  that  ao  electrical  current  passed  over  a  conducting  wire  with- 
out sensible  loss  of  time.  The  following  brief  summary  of  wellknowu 
historical  faot«,  will  serve  at  once  to  show  how  impossible  it  is  justly  to 
bestow  the  eiclusive  merit  of  the  electric  telegraph  upon  any  inventor, 
while  at  the  same  time  it  strikingly  illustrates  what  is  true  of  every 
important  invention,  that  final  success  rescues  from  oblivion  many 
schemes  that  bad  hardly  vitality  enough  in  their  day  to  find  a  place 
in  the  records  of  history. 

In  1747,  Dr.  J.  WiTEON  erected  a  telegraph  from  the  rooms  of  tbe  Royal 
Society,  in  London,  for  two  miles  or  mote,  over  the  chinincy  tops,  using  fric- 
Uonal  electricity  on  a  single  wire,  with  the  earth  for  a  return  circuit.  In  174B, 
Dr.  Fbasklik  set  fire  to  spirits  of  wine  by  a  current  of  electricity  sent  across 
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(ha  Schuylkill  oo  a  wire,  and  retumiag  by  the  river  and  Ihe  earth.  In  I17i, 
Lb  Sa8E,  a  Frenchmnn,  established  at  Geneta  an  electric  telegraph,  in  nhieh 
be  nsed  twenty-fonr  wires  insulated  in  glass  lubes  buried  -n  the  earth,  each 
wire  oommunioflting  with  an  electroscope,  and  corresponding  to  a  letter  of  the 
alphabet,  and  e.teited  by  an  electrical  machine.  (Moonio  Traiti,  J9.)  In  1187, 
Betabcoubt,  in  Spain,  made  an  effort  to  employ  electricity  for  telegraphing  by 
passing  signals  from  a  Leyden  vial  over  wires-  connecting  Madrid  with  Aran- 
juez,  a  distance  of  twenty. six  miles.  SiLVi,  in  179fl,  also  presented  to  the 
Academy  of  Madrid,  a  plan  of  an  electric  telegraph  of  his  own  iavcntion,  which 
received  the  patron^e  of  the  Prince  of  Pea™,  In  1800,  the  public  announce- 
ment of  Volta's  discovery  of  the  pile  supplied  a  new  means  for  telegraphing, 
far  more  certain  than  friotional  electricity,  and  accordingly  we  find,  thit  in 
ISII,  Prof.  SoEMHERtHO,  of  Munich,  proposed  to  the  Academy  in  that  city  a 
complete  plaB,  with  details,  lor  an  cieclyo-cJemfcoi  telegraph,  in  which  he  used 
thirty-five  wires  (twenty-five  for  the  German  alphabet,  and  l«n  for  the  numerals), 
tipped  with  gold  and  covered  by  the  same  number  of  glass  tubes  filled  with  water, 
to  be  decomposed  whenever  the  corresponding  letter  or  numeral  waa  touched  by 
the  battery  wire  on  a  key-board  at  the  other  end.  This  is  the  type  otall  electro- 
chemical telegraphs.  Dr.  J.  Redman  Coxe,  of  Philadelphia,  in  1818,  in  Thomp- 
son's Annals  of  Philosophy,  apparently  without  knowledge  of  Soemmering-a  plan, 
proposes  a  similar  one  by  the  nse  of  VoltMo  electricity.  In  1819-20,  ffinsiEn'H 
disooveryofelectro-magBetism,  and  Ampere's  development  of  the  subject,  opened 
the  way  to  electro-magnetic  telegraphy.  (Ersled  first,  and  then  Ampere,  proposed 
the  plan  of  a  telegraph,  using  the  deflections  of  a  magnetic  needle  for  signals ;  the 
type  of  Whaatstono's  needle  telegraph  ;  but  their  soggestions  were  never  put  in 
practice.  In  1S23,  Dr.  F.  Ronalds,  of  England,  published  a  volume  detailing 
the  plan  upon  which  be  had  previously  oonstrucled  eight  miles  of  electric  tele- 
graph, and  in  which  he  used  a  movable  disc,  carrying  the  letters,  the  type  of  all 
dial  telegraphs.   In  1S2S,  William  Sturqeojj,  of  Woolwich,  England,  made  the 

first  electro-magnet  of  soft  iron,  without  which,  further ■"  -■"  -'""'" 

magnetic  telegraph  was  impossible.  Prof.  Joseph  Hem, 
mode  of  giving  greater  power  to  electro-ma'jDets,  and  t 
1831,  devised  the  first-  reciprocating  electro-magnet  ai 
including  also  the  principle  of  the  relay  magnet,  so  iodis] 
the  Morse  system.  (Am.  Jour.  Sol  [1]  XX.  SJO.)  In 
and  Gauss  established  an  electro-magnetic  telegraph  at 
Observatory  and  the  Physical  Cabinet  of  the  University 

In  1836,  Prof.  J,  F.  Damihll  invented  the  constant  battery  (874),  without 
whicn  any  mode  of  electric  telegraph  would  have  been  futile. 

In  1837— a  year  ever  memorable  in  telegraphic  history  for  the  first  general  and 
■ncoessful  introdiiotion  of  the  electro-magnetic  telegraph— and  almost  at  the  same 
time  appeared  MoRBE,  in  the  II.  S. ;  SrEraHEiL,  at  Munich ;  and  Wheatstojik 
and  Cooke,  in  England ;  as  distinct  and  independent  claimants  for  the  honor  of 
this  discovery.  Prof,  J.  D.  Forbes,  the  able  historian  of  the  Physical  Sciences, 
in  the  eighth  edition  of  the  Encyclopedia  Brit,  America,  speaking  of  these 
inventions,  says:  "the  telcgrttth  of  the  two  last  (St«inheil  and  Wheatslone) 
resembles  in  principle  ffirsted's  and  Gauss's ;  that  of  the  first  (Morse)  is  entirely 
orlgiaol,  and  consists  in  making  a  ribbon  of  paper  move  by  cloek-worh,  whilst 
interrupted  marks  are  impressed  upon  it  by  a  pen,"  Ac.  *  »  "  The  telegraphs 
of  Morse  have  the  inestimable  advantage,  that  they  preserve  a  permanent  record 
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922.  The  earth  circuit.— Although  Drs.  Watsnn  and  Franklin 
(1747-8)  used  the  earth  aa  the  return  circuit  in  their  telegraphic  experi- 
ments, it  was  considered  essential  in  the  use  of  Voltaic  electricity  t»  em- 
ploy at  least  two  wires,  until  Steinhoil,  in  1837,  in  the  construction  of  his 
telegraph  at  Munich,  dispensed  with  the  whole  resistance  of  the  returu 
wire  bj  burying  a  large  plat«  of  copper  at  each  station,  with  which  the 
Bircuit  wire  communicated.  This  certainly  must  be  esteemed  one  of  tlie 
most  important  discoveries  in  connection  with  the  telegraph ;  but  from 
some  cause  or  other  it  obtained  for  some  years  hut  little  publicity, 
although  described  at  length  in  the  Compiea-Rendits,  of  Sept  10,  1838. 
Bain  re-discovered  the  same  fact  some  years  later,  and  Matt«ucci,  of 
Pisa,  in  1843,  made  experiments  which  convinced  the  most  incredulous 
of  the  truth  of  this  important  fact. 

Fig.  693  illustrates  the  mode  of  using  the  earth  circuit,  now  universal  in  all 
-  nd  S'  are  two  distant  BtntioQS,  with  their  batteries,  6  6',  and  loag- 
ecta  S  and 


mding  In  plates  of  copper,  P  P'.  Neither  battery  will,  however,  a 
of  the  breaka,  or  Bnger-keys,  S  or  S',  is  depressed.  If  the  finger-gey,  is, 
depressed,  the  circuit  consequently  is  completed  through  the  tarth,  fur  the  bi 
lery,  b,  while  that  of  b'  remains  open.  The  arrows  stow  the  coarse  of  t 
current,  and  this  will  be  reversed  when  the  circuit  at  S  is  closed.  The  esplnt 
tion  of  this  curious  fact  appears  to  he,  not  that  the  electricity  is  oonducled  bo 
by  the  earth  to  its  origin  at  the  battery,  but  that  the  molecular  diaturban'je 
which  the  polarity  of  the  circuit  consists,  is  effectually  relieved  by  commnnii 
tion  with  the  common  reservoir  of  neutral  electricity  (Uf<),  a    "  "       ' 
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of  cunstmoting  lines,  but  it  -aore  than  doubles  their  power  of  electrical  -rans- 
mieeion.     For  the  rdpidlty  oi  the  entrant,  refer  to  §  918. 

923.  Varieties  of  electro- tele  graphic  communtcatlon.— There 
are  essentially  but  two  mudes  of  electro-telegraphic  communication, 
viz. :  the  eleclmniechanKul  and  the  ekclro-ekemical.  Various  and  seem- 
ingly unlike  as  are  the  numerous  ingenious  contrivances  for  this  purpose, 
they  all  fall  under  one  of  these  two  divisions. 

The  electro-mechanical  form  of  telegraphic  appuratue,  embraces 
the  needle  telegraph,  the  diai  telegraphs,  and  the  eleetro-magneiic,  or 
recording  telegraphs ;  both  those  which,  like  Morse's,  use  a  cipher,  and 
those,  like  House's,  which  print  in  legible  characters. 

The  elsctra' chemical  telegraphs  (having  their  type  in  Soemmer- 
ing's  original  contrivance)  depend  on  the  production  of  a  visible  and 
permanent  effect,  as  the  result  of  some  chemical  decomposition  at  the 
remote  elation  ;  of  these,  Bain's  is  tlio  best  known. 

This  is  not  the  place,  had  we  time,  to  give  all  the  details  of  the  well- 
known  machines  in  u^e  for  telegrnphis  purposes.  A  few  words,  stating 
the  principles  on  which  they  all  liepend,  with  a  notice  of  two  or  three 
of  those  most  used  in  the  United  States,  must  sufSce. 

As  the  needle  telegraph  of  Moaara,  Wheatatonc  and  Cooke  (depend- 
ing on  the  deflection  of  a  needle  by  a  galvanometer  coil)  has  never  been 
used  in  this  country,  and  cannot  compete  with  either  of  the  systems 
adopted  hero,  it  is  needless  to  describe  it.  It  requires  one  operator  to 
read  the  movements  of  the  needle,  and  another  to  record  the  meaaage, 
and  its  average  capacity  is  not  over  ten  or  twelve  words  per  minute. 
The  dial  telegraph  of  Fiomont,  and  others,  is  open  to  the  same  objeo- 

924.  Morae's  recording  telegraph. — Every  electro-telegraphic  ap- 
paratus implies  the  use  of  at  least  two  instruments,  one  for  recording, 
and  one  for  transmitting  the  message.  Besides  these,  in  most  cases 
there  is  need  of  a  relay  magnet,  which  receives  the  circuit  current  and 
acts  to  bring  into  use  the  power  of  a  local  battery,  by  which  the  work 
of  recording  ia  performed.  This  is  requisite  because  the  circuit  current 
is  usually  too  feeble  to  do  more  than  establish  a  commuoicatioD  with 
the  local  battery.     Every  recording  instrument  has  a  clock-work,  or 

,  some  similar  mechanical  movement,  to  carry  forward  the  paper  fillet  on 
which  the  record  ia  impressed,  at  a  regular  rate  of  motion.  Fig.  684 
shows  the  Morse  recording  instrument. 

It  couaists,  essentially,  of  a  simple  lever.  A,  »itli  a  soft  iron  armature,  D, 
over  the  electro -mngQets,  E  F,  by  which  the  electrienl  impulses  are  propagatetl 
to  tho  pen  or  atjlus,  o.     A  weight,  P,  gives  motion  to  a  train  of  wheels,  K  C,  by 
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reflating  sareve,  mm,  that  csd  be  set  at  pleasu  Ih 

the  ipparatas  at  Che  bi  dogs  rews   a  & 

The  message  ia  recorded  bj  »  cipher  of  dots  and  dashaa,  made  o 
Bllet  by  the  point  of  the  pen-lever  The  lever  moves  in  obedience  W 
of  the  operator  at  the  trnnsmitling  station,  who  ptesaes  the  "fi"g 
longer  or  ahorler  instant,  according  to  what  he  would  Wansmit.     J 

to  B  praoticsd  operator  this  sound  becomes  a  definite  language, 
interprets  with  unfailing  e^rlamty  835 

so  that  he  literall;  h 


tL    0  and  over  tbeconHnentof  Europe  has  also  be< 

very  generally  adopted.  Mr.  Morse  conceived  this  plan  of  (elegraphic  tran 
mission  in  1833,  but  it  was  only  in  1837  he  applied  for  his  lirat  patent,  and  I 
1844  the  first  line  was  built  in  the  United  States,  from  Washington  to  Bultimor 
925,  House's  electro- printing  telegraph.— This  most  ingenioi 
inatrument  records  its  message  in  plain  printed  characters,  J.nd,  as 
mechanism,  must  be  regarded  as  une  of  the  most  wonderful  results  n 
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atea  t«  open  a  valve  for  the  einlssioo  of  a  blast  of  air,  compressed  by  a  y 
under  the  table  IqIa  s  reservoir,  B.  The  pnrpoee  of  this  blast  is  to  work 
escapement  regulating  the   motions  of  the  type-wbeet,  o.      This   is  the 

aiecbanioal  one.  The  eleetricitj,  by  opening  and  closing  the  air-valvo,  regu 
the  motion  of  the  type-wheel,  arrestinj  it  at  the  pleasure  of  the  operator  a 

mit,  arrests  the  type-wbeel  of  the  recording  inetcnment  at  that  letter  (  a  sii 


rt  perfectly  iotelligibl 
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926.  The  electro -chemical  telegiapb  depends  on  the  d 
tion,  by  tlie  electrical  current,  of  a  salt  of  iron  with  ■which  the  papei 
flllel  is  saturated,  and  the  production  of  a  blue  or  red  etain  upon  it. 
The  same  clock-work  movement  used  by  Morse,  carries  forward  the 
paper  over  a  metallic  cylinder,  which  is  one  pole  of  the  ■irouit,  while 
66 
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4  ateal  pen  (if  a  blue  mark  ia  intended,  or  copper,  if  red  ia  intended), 
in  connection  with  the  other  pole,  lieaca  ateadily  upon  the  paper ;  the 
leuHt  transit  of  electric  force  decomposes  Ihe  prussiate  of  potassa  with 
which  the  pnper  ia  charged,  producing  a  stain.  To  insure  the  damp- 
ness in  the  fillet  requieite  for  electrical  conduction,  Maieon-Neuve  has 
proposed  to  charge  it  with  ft  solution  of  nitrate  of  aiomonia,  a  salt 
whose  attraction  for  moisture  is  such  that  the  paper  remains  always 
damp.  To  avoid  errors,  as  well  as  to  insure  greater  rapidity,  Bain, 
who  was  the  author  of  thia  system,  proposed  to  prepare  the  messagea, 
on  fillets  of  paper,  punched  with  holes  by  a  machine  called  a  compiieilor 
or  multiplier.  llaaiaaUin  has  lately  eo  improved  the  mechanism  of  this 
compositor,  that  it  ia  poaaible,  by  combining  this  apparatus  with  the 
Bain  system  of  reading,  to  transmit  not  lens  than  three  thousand  signals 
per  minute,  equal  to  sis  hundred  letters,  or  one  hundred  and  twenlj- 
five  words  of  five  letters  each.  The  punched  fillets  take  the  place  of 
the  finger-kej  as  a  circuit  breaker  for  the  transmission  of  the  message, 
Autograpb  telegi'aphic  messagea  can  be  trnnamitted  by  the  elec- 
tro-chemical method,  by  writing  upon  the  transmitting  cylinder,  with 
solution  of  hardened  was,  and  then  causing  a  tracing  point  to  traverse 
the  cylinder  with  a  close  spiral  from  end  to  end.  The  result  ia,  the 
interruption  of  the  current  where  the  wax  is,  Eind  a  corresponding 
blank  space  left  on  the  paper  at  the  receiving  station.  The  union  of 
these  white  spaces  gives  what  was  written  in  wax,  aa  a  white  character 
on  a  dark  ground. 

927.  Submarine  telegraphs — the  Atlantic  cable. — The  first  sub- 
marine telegraphic  cable  was  auoceasfullj  sunk  in  August,  1S51,  con- 
necting Dover,  in  England,  with  France,  at  Cape  Griz  Nez.  Since  that 
time,  numerous  other  submarine  cables  have  been  laid,  of  which  that 
through  the  Black  Sea  was  the  longest,  until  tlie  placing  of  the  Atlantic 
cable  was  accomplished,  on  the  5th  of  August,  1858.  The  failure  of 
this  great  enterprise  is  now  believed  to  he  attributable  to  injurifls  received 
by  the  cable  before  submergence.  Its  failure  was  gradual, — over  400 
messages  being  transmitted  before  it  became  totally  inactive. 

Pig.  687  ehowa  ths  size  and  mode  of  construction  uf  Uiib  cable.     Tlia  con- 
ducting Hire  is  formed  of  seven  alraods  of  No.  687 
S2  copper,  twisted  Into  a  cord,  and  baric'  '                         ~ 
reflned  giitta  percha,  laid  on  by  maehinar 
tbroe  coatinga,  over  which  are  placed  se\ 
strands  uf  tarred  cord.     The  wfaule  is  encased  g 
in  aeventeen  strands  uf  iron  wire,  each  ati 
formed  of  aeven  No.  30  iron  wires.     It  we 
ailoat  two  thousand  lbs.  to  the  Boatiaal  wile,  and  abciat  two  thousand  miles  of 
it  lie  submerged  between  Valentia  Bay,  Ireland,  and  Trinity  Bay,  Newfound- 
land.    The  ahora  end  ia  formed  of  ten  miles  of  muoh  stronger  cable,  etiolosiug, 
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Tha  problam  of  scientiGo  lua  well  ae  practical  intereal  id  long  cables,  ie  th« 
poBslbllity  of  transmittlDg  sigBsls  through  them  with  sufficient  rapiditj  for 
QBeful  purpoaee.  Taraday  has  showa  (Bpt.  Rca.  toL  3d,  p.  607—523  and  575;, 
that  a  gutlo-pcrcha  covered  wire  ia,  when  submetged  in  >iat£r,  in  ver;  differenl 

lor  of  the  electrical  condenaer,  or  Lejden  vial,  aud  whan  thus  charged  by  indao- 
tioQ,  muat  be  diaeharged  before  a  aecond  wase  can  be  tranamitlod  through  it; 
and  when  the  electrio  puleee  are  frequent,  as  in  tolegraphic  communicatiuns,  the 

tremor  in  place  of  aharp  and  decided  beats.  Thoee  who  would  know  the  hiatorj 
of  the  MIegraph  mora  In  detail,  will  oonsolt  Schaffner'a  Telegraphic  Manual, 
and  Freseott'a  History  and  Practice  of  the  Electric  Telegraph,  Boston,  1S60. 

92S  BlectTical  clocks  aad  astionomioal  records  — If  a  (.lot^k 
pendulum  le  bv  any  meihaiiical  device  made  to  open  and  dtho  the 
circuit  in  a  telegraphic  arrangement  it  ib  obvioua  that  if  the  click 
lieats  seconds  these  will  a[pear  reo  rded  ts  dots  at  ejual  intervals 
upon  the  paper  fillet  An  astronomer  matching  the  transit  of  a  star 
across  the  -wires  of  his  telescope  with  his  hand  up  n  the  finger  key  of 
the  same  circuit  closes  it  at  the  eiaU  instant  of  time,  and  the  record 
of  the  passage  of  the  star  le  fixed  with  unerring  certainty  between  the 
bcata  uf  the  clxjk  and  upon  the  sanie  fillet  which  bears  record  of  the 
time  jn  seconds  and  their  subdivisions  This  beautiful  system  is  wholly 
and  peculiarly  American  as  the  clear  records  of  tcience  show  and 
offers  mcompanbly  the  lest  possible  mode  of  determining  longitude 
differences  Ihe  names  if  Bache  Bind  Gould  Locke  M  tchel  &ax 
»n  Walker  Wilkei  and  ethers  are  inseparably  onnected  with  the 
history  of  this  important  apphcatitn  of  the  telegraph  for  the  details 
of  which  the  student  is  referred  to  the  American  Jcurnal  jf  "icience 
the  proceedings  of  the  Americaa  Association  for  the  advancement  of 
Science,  and  the  reports  of  the  United  States  Coast  Survey. 

B^n,  it  la  believed,  constructed  the  firat  electrical  olopk  (in  1S12),  irhich  was 
moved  by  a  current  from  a  large  copper  and  zinc  plate  buried  in  the  earth,  or, 
better,  to  a  zine  plate  buried  in  charcoal.  Bj  any  simple  mccbanical  arrange- 
ment, the  motion  of  the  pendulaiD  reverses  or  breaks  the  current  at  every  beat, 
and  by  the  aid  of  a  stationary  magnet,  the  vibratory  movement  due  to  Ihe  elee- 

any  nomber  of  clocks,  in  the  aame  place,  or  in  different 


aces,  and  thus  seeure  eiaet  equ. 

Bllty  of  tin 

Fire-alarm.— Boston,  Phi  la. 

ith  a  telegraphic  ayatem  due  t- 

lolphia,  ai 
)  Dr.  Chat 

other  citiea   are   provided 
Channing  and  Mr.  Farmer,  by  which  s 
fire-alarm  is  anunded  aimultaneously  in  every  district :  a  detailed  description  of 
trbieh  will  be  found  in  Am.  Jour.  Sci  [2],  XIII.,  68. 

I  5.   Electro 'dynamic  Indaction. 

I.    INDUCED  CUBKE^rS. 

929.  Currents  induced  &om  other  currents.— Vol ta- electric 
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Induction. — The  phenomena  of  eleotro-magnetisni  seem  to  point,  a.9 
m  almost  neoessarj  consequence,  to  the  discovery  made  by  Faraday,  in 
1831-2,  of  induced  carrenU,  as  well  as  of  magneio-eleciricUy.  FaraJaj 
argued  thus: — 

lat.  That  as  a  wire  carrying  a  currenl  acta  like  a  magnet,  therefore  it 
9ugM,  by  induction,  to  excite  a  current  in  another  mire  near  it, 

2d.  That,  as  magnetism  is  indveed  by  electric  currents,  so  mayneU 
iught  also,  under  proper  conditions,  to  excite  ekctric  currents. 

The  first  of  these  theses  Faraday  sustained  thus:  Let  adoulile  helix, 
or  bohhin,  be  wound  of  two  parallel  silk-covered  wires,  about  a  ejiiu- 
der  of  wood  (which  being  withdrawn  afterwards,  leayes  the  helix  hol- 
low), in  close  c<jntact,  but  perfectly  insulated,  so  that  the  two  wires 
run  side  by  side  through  their  whole  course.  Let  the  ends,  a  6,  6g.  6R8, 
of  one  wire  be  connected  with  a  g  g 

galvanometer,  or  magnetizing  spi 
ral,  while  a  hattery  current  eutera 
the  other  wire  bj  r  and  paaEe^ 
out  1 J  d  When  e  titn  t  is  mj,de 
between  c  and  the  lattery  tie 
galvanometer  needle  is  defle  ted 
by  a  turrent  rnovi  ig  in  the  so 
direction  with  the  batterj  or  j 
laavy  current  This  defltUioi  h  wever  'j  nly  1  r  i  Ir  pf  instdut 
After  a  few  vibr^t  ons  the  nee  lie  comes  t  rest  although  the  1  attery 
current  still  fl  wh  Break  n  w  the  onta  t  between  the  wire  e  and 
the  battery  and  the  gahanunetcr  leedle  is  B^am  deflected  by  a  second 
nry  or  induced  i,urrent  but  this  time  it  moves  in  the  opposite  dwection 
to  the  first  These  are  called  secondary  or  iiuhiced  currents.  They  are 
momentary  but  are  renewed  with  every  interruption  of  the  battery 
Circuit  and  their  strength  is  always  proportional  to  the  st"  ength  of  tiie 
primary  or  induimg  current.  If  a  mass  of  soft  iron  (or,  better,  a 
bunile  of  soft  irtn  wires)  is  placed  in  the  core  of  the  helii,  the  force 
of  the  induced  currents  is  greatly  increased.  This  action  of  a  current 
from  a  Voltaic  battery,  Faraday  called  Yolia-electric  induction. 

The  phenomena  of  influence  (828)  in  electricity  present  a,  strong 
analogy  to  these  facts,  and  support  the  probability  that  the  secondary 
currents  in  the  case  of  Voltaic  induction,  are  also  due  to  decomposi- 
tion of  the  natural  electricity  of  the  second  wire,  by  the  current  on 
the  first.  In  fact,  a  current  of  statical  electricity  may  be  substituted 
for  the  Voltaic  current  with  similar  results,  as  was  shown  by  Henry, 
in  1838  (Trans.  Am    Phil.  SvC,  rol,  6,  N.  S.,  and  Am.  Jour.  Sci.  [l], 
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XXX^  III    201)    Fig  ()S9  IS  a  convex 

by  'Matteui,  i   fjr  tl  i*"  eiperiment      1 

are  Bustained  tn  mo^^He  leet   ad 

mitting  cf  near  approach      Wl  Kn 

the  uhtrge  ot  a  Lejden  jar    D    is 

passed  through  the  i.o]l  cd  on  A  a, 

person  whose  haods  grasp  the  on 

duucrs  ih  of  the  <.(il    B  wdl  re 

le  \e  a  shoclc  the  violenie  (f  which  '' 

mi.reTiPs  with  the  ckser  apprt 

of  A  and  B.     The  direction  of  the  current  in  B,  ie  the  reverse  of  that 

in  A.     If  a  galvanometer  is  inserted  in  the  circuit  ih,  its  needle  is 

deflected,  or,  if  a  magnetizing  spiral  ia  used,  needles  may  be  magnetized 

by  it. 

930.  Induced  currents  of  different  oiders. — By  using  a  aeries  of 
flat  spirals  of  copper  ribbon  alternating  with  helices  of  fine  insulated 
copper  wire,  arranged  as  in  fig.  690,  Prof  Henry  (in  1838)  demonstrated 


that  secondary  or  induced  ci 
[he  second,  third,  fourth,  am 
flat  spiral,  A,  receiving  the  battery  current,  indu  e 


t    f    pposite  namt 
m  B       quantity  c 


th    first  r. 
y       erting  r 


while  the  second  flat  spiral,  C, 
inducing  a  tertiary  Intense  current        th 
and  so  on.     The  signs  -  and  —  alt  a( 

the  battery  current,  as  is  easily  dem       t    t  d 
spirals  in  the  conducting  wires,  and  t 

A  screen  or  disc  of  metal  introduced  between  any  two  of 
these  coils,  cuts  ofl'  the  inductive  influence.  But  if  the 
screen  has  a  slit,  a  b,  out  from  the  centre  to  the  circum- 
ference, as  in  fig.  691,  the  induction  is  the  same  as  if  no 
screen  were  present.  Discs  or  screens  of  wood,  glass,  paper, 
non-conductora,  ^ffer  no  impediment  to  this  induction. 


ipira!,  W, 
.gnetizing 
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930.  Extra- cuire at,  or  the  indaction  of  a  current  on  itself. — 
The  effect  of  a  long  and  stout  conductor  in  giving  a  vivid  spark  and 
shocfcs  from  a  single  cell  (which  alone,  or  with  a  short  conductor,  givea 
neither  sparka  nor  shocks),  was  first  noticed  in  1832  by  Prof.  Henry. 
{Am.  Jour.  Sci.  [1],  XXU.,  404,)  This  fact  was  afterwards  the  subject 
of  investigation  by  Faraday,  in  December,  1834,  and  also  by  Henrj, 
in  January,  1835.  The  arrangement  used  by  Prof.  Henry  is  seen  iu 
fig.  692.  A  small  battery,  L,  is  connoeted  with  the  flat  spiral  of  cop- 
692 


per  ribbon,  A,  by  wires  from  the  bittery  cups,  Z  and  C ;  when  this 
communication  is  briken  by  drawing  the  end  of  one  of  the  battery 
wires,  Z,  over  the  rasp  a  brilliant  bpark  n  seen  at  the  instant  of  break- 
ing contact.  No  spark  is  drawn  on  malmg  contact.  Moreover,  if  a 
fine  wire  coil,  W,  is  placed  in  the  relation  to  A  shown  in  the  figure, 
there  is  only  a  feeble  spark  seen  on  breaking  the  battery  contact.— 
wh  1  th  powerful  sewndary  current  already  named  ia  set  up  in  W, 
yi  I  tly  onvulsing  the  hanls  wliKh  gra'p  its  tPrminals.  The  strong 
park  f  1  the  large  flit  coil  or  single  wire  in  the  first  case,  is  then  the 
q  al  t  of  the  current  which  would  be  produced  in  the  second  case, 
f  1  rrent  were  permitted.  This  reflui  current  induced  on  a  con- 
du  t(  d  the  outflow  or  recoil  of  which  produces  vivid  sparks,  is 
wh  t  F  radaj  calls  the  extra  current.  In  powerful  coils,  this  extra 
rr  p  oduces  sparks,  the  report  of  which  reaembles  the  esploaion 
f  a  p  t  1.  especially  under  the  inductive  influence  of  a  powerful  elec- 
tro-magnet, as  in  the  engine  of  Dr.  Page,  already  noticed.  The  heavy 
coila  of  this  apparatus  produced  sparks  from  the  extra  current  fnni 
two  to  six  inches  in  length,  and  having  the  same  rotative  action  as  the 
oonduotnr  itself.  (Am.  Jour.  Sci.  [2],  XI.,  191.)  Many  forma  of  elec- 
tro-magnetic apparatus,  in  which  two  coila  are  combined,  show  the 
extra  current  in  a  striking  manner,  as  in : — 

931.  Page'i  vibrating  armature  and  electrotome, — In  thtx  appa- 
ratus, fig.  693,  the  flow  of  the  battery  current  is  interrupted  by  the 
s  of  the  bent  wire,  P  W  0,     At  M  is  a  bundle  of  soft  iron 
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of  the  inducing  coil.   Beuoming  ni 
;■  iron  on  the  eni  of  P  to  M.     Tl 

in  the  cup,  C,  with  a  brilliant 


wires,  forming  the 

attract  a  small  mass  of  iron  oi 

raises  the  other  end  out  of  the 

?park,  due  to  the  flow  of  the 

extra  current,  the  magnetism 

liaving    disappeared    by   the 

break    of    the    battery   flow. 

Gravity  then  restores  the  wire 

to   its  original  position,  thus 

renewing  the  battery 

and  the  magnetism,  and  with 

it  the  spark  in  C.   A  fine  wire 

induction  coil  of  two  thousand 

or  three  thousand  feet,  wound  about  the  inducing  coil,  develops  the 

secondary  currents  already  noticed,  with  powerful  phjaiologieal  and 

other  inductive  effects,  resembling  statical  electricity. 

932.  Indaced  currents  from  the  earth's  magnetism. — The  earth's 
magnetism  also  induces  electrical  currents  in  metallic  bodies  in  move- 
ment ;  another  of  the  discoveries  of  Faraday.  For  this  purpose,  a  helil 
in  the  form  of  a  ring  is  made  to  revolve  with  its  asis  at  right  angles  lo 
the  magnetic  meridian,  and,  consequently,  each  point  of  the  ring  de- 
ecribes  circles  parallel  to  the  plane  of  Ibis  meridian.  A  pole  changer 
on  the  axis  is  so  arranged  as  to  keep  tlie  induced  current  moving  always 
in  the  same  direction  ;  when  so  arranged,  and  its  terminal  wires  are  con- 
nected with  a  gnlvanoincler,  a.  deviation  of  the  needle  indicates  the  flow 
of  a  current  to  the  east  or  the  west,  according  to  the  direction  of  the 

933.  Converslou  of  dyaamic  into  static  electricity. — The  In- 
duction coil. — By  careful  insulation  of  the  secondary  coil  of  fine  wirB 
— as  well  in  itself  as  fiom  the  primary  or  magnetizing  wire — electricity 
of  high  tension  is  produced,  surpassing,  in  energy  and  abundance,  that 
from  machines  of  the  greatest  power.  Masson,  in  1842,  first  succeeded 
in  obtaining  these  results,  but  in  a  very  feeble  manner  compared  with 
those  we  now  know.  Rnhmkorff,  jf  Paris,  in  1851,  constructed  the 
coils  which  bear  his  name,  Bj  careful  insulation  of  the  fine  wire 
coil,  he  succeeded  in  producing  sparks  of  about  two  inches  in  length 
between  the  electrodes,  charging  and  discharging  a  Leyden  jar  with 
astonishing  rapidity.  No  electrical  instrument  has,  in  modern  times, 
been  more  celebrated. 

Ritchie,  of  Boston,  has  so  vastly  improved  this  apparatus,  as  to  de- 
serve the  highest  praise  from  all  interested  in  physical  research. 
Bitchie's  form  of  the  induction  coil  is  shown  in  fig.  C94.     Tiie  cans* 
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of  the  super  or  tj  n  the  Amer  cm  ipparatus  is  due  iihiefly  to  the 
mode  f  w  d  ag  tl  e  fi  B  w  re  e  1  liy  which  it  is  poBsille  te  use  with 
B  cces?  ^wire  of  e  ghtj  th  I'lnd  feet  n  length,  while  the  limit  in  the 
instrmnenta  made  byTulmk  rff  waa  about  ten  thousand  feet.  The 
Cxtre  ne  length  f  apa  k  bta  ned  ly  the  European  instruments,  was, 
tor  the  French  ah  ut  tiro  n  hea  (Jean's) ;  and  for  the  English,  Jim r 
inches  (Iluarder  s) ,  the  Ameritan  umtrnmenta  have  projected  a  torrent 
of  aparka  over  sixteen  inches  in  free  air ;  while  the  one  shown  in  fig.  694, 
is  limited  to  about  nine  inches. 

The  chief  parta  of  thia  apparatus  are  the  two  coils,  an  interrupter  to  the  pri- 

In  the  mstrnment  bare  figured, 
over  eixtj-eigbt  thouaaud  feel 
of   ailk-coverad    copper    ■ 
the  Btfleet  and  purest  possible, 

in  diameter  (No.  32  of  the  wire 
gauge),  is  wound  upon  the  es- 
terior  bobbin,  C.  Abont 
hundred  feab  of  wire,  c 
sevenlh  of  an  inch  in  diann 
(No.  9),  forms  the  indue 
wire,  whose  ends  +  and  — 


,  insulates  the  coils  ft 


wide  as  the  thickness  of  ILoJ 
ooil.     The  induction  coil,  foi 

encased  in  thick  gntta  percba. 
oha  eoversd  conductors,  to  tt 

one  end,  and  baring  balls  of  braas  at  tl 
Mr.  Ritehie,  ie  the  toothed  wheel,  b,  whi 
of  which  tall  upon  the  anvil,  o,  breaking  contact  between  two  stout  pieces  of 
platinum.  Ihe  European  machines  are  proTided  with  a  eelf-aeting  break- 
piece;  but  experience  has  shown,  by  comparative  Iriala,  that  tbere  is  aa 
advantage  in  varying  the  rapidity  of  the  interruptions,  according  to  Ihe  class 
of  effeots  to  be  produced,  and  that  a  certain  time  is  requisite  for  the  complete 
charge  and  discharge  of  the  soft  iron  wires  (which  form  the  core  of  the  batlery 
circuit),  longer  than  the  automatic  break-piece  allows. 

The  object  of  the  mndenier  (which  is  dne  to  Mr.  Fixeau)  is  to  destroy,  by 
induction,  the  greater  part  of  the  force  of  the  eiii-a  ciirrti.f,  which,  owing  to  the 
very  powerful  magnetism  developed  in  the  core  of  soft  iron  within  the  battery 
eoil,  would  otherwise  greatly  impair  the  power  of  the  apparatus,  as  it  moves  iu 
k  direction  opposite  to  the  primary  current  (931).  The  condenser  oonsists,  in 
.he  instrument  figured,  of  oup  hundred  and  forty  square  feel  of  tin-foil,  divided 
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Foil  of  the  condense. 


■iied  cells  of  Bunscn's  batterj. 

934.  ESecta  of  the  induction  coil.— The  physiological  effects  ara 
eo  difitreasing  and  eren  dangerous,  that  too  great  care  cannot  ba  taken 
to  avoid  them.  M.  Quet  was  coDfined  to  his  hed  for  some  time,  after 
having  accidentally  received  the  shock.  Small  auimals  are  instantl; 
killed  by  its  discharge. 

Tlie  lumiaous  efiecta. — When  a  series  of  sparks  passes  between 
the  pointa  of  platinum,  or  between  the  balls,  thej  are  of  a  zigzag  form, 
and  accompanied  by  a  loud  noise  and  a  strong  odor  of  o^one.  Their 
color  is  violet  and  yellowish,  or  greenish  yellow.  If  the  points  are 
within  an  inch  or  two,  the  stream  of  sparks  appears  to  be  continuous, 
a  fourth  of  an  inch  broad,  surrounded  by  a  violet  areola,  and  crossed 
by  numerous  lines  at  right  angles  to  its  path.  If  it  is  blown  by  the 
breath,  or  by  a  bellows,  it  is  deflected  into  a  curve,  and  a  bright  flame 
is  seen  projected  for  some  distance  beyond  the  purple  or  violet  stream 
of  electric  light.  The  color  of  the  flame  varies  with  the  nature  of  tJie 
electrodes  (885).     If  one  of  the  electrodes  i  d  I  y  a         1!  gla 

flask,  the  power  of  the  induction  is  such  that  at      n     f       I  t    1 
tricity  is  seen,  as  it  were,  to  pass  directly  thr       1    th    gl        wh  !     h 
ball  of  the  flask  is  covered  with  a  magnifice  I      t-w    k    f       1  1 1    1 1 
spread  out  like  the  blood-vessels  upon  the  eye-1  II 

If  an  .^pinus  condenser,  or  a.  Leyden  j  is  p  t  n  th  p  th  f 
the  current,  the  length  of  the  spark  is  m  h  1  m  n  I  d  but  ts 
intensity  and  splendor  are  increased  twenty  f  Id  Th  It  I  ght 
then  becomes  intensely  white,  and  the  sou  d  f  th  jl  of  the 
successive  sparks,  when  these  are  drawn  by  a  slow  movement  of  the 
break-piece,  is  like  the  snap  of  fulminating  mercury,  or  tlie  sound  of  a 
pistol,  while  the  electric  stream  appears  continuous.  If  a  Newton's 
chromatic  disc  is  caused  to  revolve  before  it,  each  spark  causes  the 
colors  of  the  revolving  disc  to  appear  stationary,  although  without  this 
evidence  of  aa  intermittent  charauter,  the  stream  of  electricity  would 
appear  to  he  unbroken. 

Splendid  plienomena  of  Jluareecenae  tilth  Canary- colored  glass— oL em ioal 
aucooj position;,  deflagrations  of  the  leaf  motala,  dischargea  of  flasLcs  of  light- 
Dlag  over  the  Eurfuce  of  a  metallic  mirror,  a  gilded  board,  or  net  table,  and 
nomerons  other  moat  beantifnl  and  instroetire  eiperimente,  are  made  with  this 
apparatus.  Indeed,  nearly  all  the  phenomena  of  etatio  electrieitj  are  shown  bj 
it,  and  aome  nf  them  with  a  power  which  no  frictional  apparatus  enn  approach. 
It  is  o'Tious  to  observe,  that  the  sparks  of  this  kind  of  electricity  pass  freely 
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The  chemical  c&ects  of  the  induction  coil  are   h  vr 
position  of  water,  Ac,  while  a  stream  of  sparks  fr(  m       p 
a  tube  aontainJDg  air,  soon  causes  the  productioD         edd   h 
to  the  formation  of  hyponitrio  add  from  the  unio  h 

the  nir.  Mr,  Oassiot  lias  lately  shown  (Phil,  Mag  A  ^  8 
intcnsitj  of  the  cuil  ia  such  as  to  transmit  else  y  S 
glass,  or  apparently  through,  the  waits  of  a  Floren      fl    \ 

935.  Light  of  these  cutients  in  a  vacuui 
tween  the  light  from  the  positive  and  the  n 
already  been  noticed.  Owing  to  the  absence  of 
in  the  currents  from  the  induction  coil,  thoy 
are  particularly  adapted  to  illustrate  this  dif- 
ference, especially  in  vacuo. 

In  a  vacuum  tube,  or  the  electrical  egg  well 
exhausted,  a  torrent  of  rosy  or  violet  fire  falls, 
from  the  positive  electrode  above,  toward  the 
negative,  which  is  surrounded  with  a  blue  and 
white  light,  extending  down  the  stem,  with 
splendid  fluorescence  (5331.  If  the  vacuum  is 
made  upon  vapor  of  turpentine,  orof  phosphi 
in  the  egg,  or  in  an  auroral  tube,  a  most  wonder 
ful  phenomena  shows  itself;  the  stTaifitaiion 
of  the  eleclrieal  light  in  alternate  bands  f  light 
and  darkness,  surrounding  and  depending  Ir  m 
the  positive  polo,  as  indicated  in  fig.  695  Tl  is 
curious  phenomenon  wae  first  observed  b\  Mr 
Grove  Vapor  of  aicol ol  w  Iniptht  b  1  d 
of  t  n  or  b  sulph  d  of  carb  n  nay  be  u  od  ea  I 
w  th  a  d  fferent  effe  t 

Mr  Gass  ut  has  stu  1  ed  w  tl  great  are  the 
i.haraoter    f  the  spirk    n  vacuums  formmi     n 

the  cur    us  fact   tlat    n  a  perfe  t  T  r     ell    i 
racuu  n   the  spark  w  11  not  pass  sh 
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These  facts 

■a  Borealis 
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hon  uurrent  to  its  bottom  by  means  of  a  wire  paaaing  through  rhe  cap 
of  theair-bel!,  as  in  fig.  696,  the  other  electrode  being  in  communication 
with  the  air-pump  plate  on  which  the  whole  appa- 
ratus stands  we  are  delighted  to  see  when  the  our 
rent  is  otaH  shed  from  the  mduotion  coil  the  vase 
overflow  lilie  a  fountain  with  a  jjentle  cascade  of 
light  wa\y  and  gauze  like  falling  like  an  auriral 
vipur  on  the  metallic  base  This  eippnment  re 
qu  res  a  lery  giod  vacuum  and  is  certainly  one 
of  the  mrst  beiutiful  eihibiti  ns  in  himinous  eleu 
tri  ity 

1'fi    Rotation    of   the   electric   light  about 
a   magnet  — W  e   here   retail    thi-   early   obsei 
tion  ot  Davy    J  883    uo  the  influence  of  a  magi 
on  the  ^  jltaii,  art,      If  an    electro  magnet  la   enclosed 
trn,al  egg    and  a  very  perfect  yacuum  is  made  nithin 
induction  current  la  tauaed  tu  flow    thp  electrical 
stream  is  seen  to  revilve  in  a  steady  and  easy  man 
ner  abtut  the  migoet    the  dire  tun  of  its  motion 
correspond  ng  to  the  p  larity  of  the  magnet      In 
fig  697  IS  shown  suth  an  appirat  Tl  e  m  ^n  t 

here  I'l  a  bundle  of  soft  iron  nii  1    ed        a 

glass  tube   and  paising  through   the  ft  th  t 

when  the  instrument  is  placed  on       e  p  1     of 
eleotro-magnet,  the  mass  of  wires  may  Ion  agn     z  d 
inductively.    Two  platinum  wires  +  ind  —  pa  s 
glass  tubes  hermetically  through  the  walla  of  t!  e 
vessel,  into  the  vacuum  and  form  the  p    nts   f  attach 
raent  for  the  electrodes.  V 

937.  Applications  have  been  made  of  the   ndu       ~ 
tion  current  for  firing  blasts  and  sub-aqueous  maga  — 

sines,  and  also  for  lighting  simultaneou  Ij  1 1  the  gas  burner 
audience  room  or  theatre. 

Electrical  blasting  by  Ruhmkorfl"'a  coil  is  easily  acooroplis 
nse  of  Stdteham's  fuse,   fig.  698 

698,  which  is  only  a  gutta-per- 
cha covered  oondaclor,  A  B, 
in  which  the  discharge  is  in- 
terrupted at  points,  aft,  burled 
in  the  gunpowder,  producing  ^1 
its  conibu  tion,  even  at  a  d 
tance  of  many  mHes,  and 
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oeasivelj,  but  almost  at  the  same  instant      D     11        fi 

oalorimoMrs  for  electrical  blasting  ii)  1S3        (Am  I 

139.)     But  the  use  of  an  extended  bal 

aroided  bj  using  the  induction  coil.     Ra  mk    ff  p 

at  Villette,  inflamed  gunpowder  with  tl  h 

miles.     In  eiuavating  the  Napoleon  do  k 

65,000  cubic  jardH  of  rock  were  thrown  <         y 
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a.      t  m  ff    i     det  iciil  cl 
Tl      f    t        1       11    t    ted         th      mo  le«  -v  K    — 
a.  By  revolaing  a  circular  plate  of  copper  between   the  pules  of  a 
borse-shoe  magnet  (arranged  in  general  like  fig.  078),  the  aiia  of  the 


wpper  teing  in  connection  ■with  one  pole,  and  the  edge  with  the  other, 
a  series  of  sparks  may  be  obtained,  as  in  Faraday's  original  experiment, 
some  device  being  inserted  to  interrnpt  the  current  during  the  revohi 
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6.  Bj/a  helic  oa  tite  armature  of  a  magnet,  the  ends  of  the  hehi  being 
connected  with  the  poles  respectively,  on  suddenly  sliding  the  armature 
from  the  poles  of  the  magnet,  a,  spark  Is  seen,  and  if  the  fingers  grasp  the 
wires  at  the  same  time,  a  shock  follows.  This  fact  was  first  announced 
in  December,  1831,  bj  Srs.  Nobili  and  Antinori.  Saxl/m  constructed 
the  first  magneto-electric  machine  in  which  the  armature,  wound  with 
a  helix,  was  made  to  rerolve  in  front  of  the  poles  of  a  magnet,  and  so  to 
reproduce  all  the  phenomena  of  static  and  voltmc  electricity  from  f  er- 
manent  magnets.  Fig.  700  shows  an  improved  form  of  Saxton's  appa- 
ratus, where  the  double  inducing  coil  revolves  by  means  of  a  motor 
wheel  and  band  between  the  poles  of  two  powerful  magnetic  batteries. 
The  magnetic -electric-induction  is  interrupted  by  the  little  crown-wheel 
seen  on  the  upper  end  of  the  axis  of  the  revolving  coils. 

Clarke's  magneto- electric  apparatus.— Ibis  apparatus  is  a,  modi- 
Boation   of   Suton's,   and   coDsiata   of  a  701 

powerfnl    mugnetie  liatttrj,  . 
olamped  on  tbe  upright  boarc 
olamp  C.     Th       -      -    - 
two  halioee,  H  G,  wound  upon  >  rotat  n, 
armature  of  soft  Iron.    Tbe  Electrical  cur 

intarrnpted  back  piece,  H,  while  the  circ  t 
is  completed  bj  tbe  hoob,  0,  pasaing  uj:  n 
la  part  of  Iha  spindle,  R.      4 


Btoat  wire,  T,  i 

necia  tbo  two  si 

Inaulatad  bj  tbe  piece  of  dry  wood,  L 

Whan  the  coils  are  repiaij  rotated  befnre 

terrapt«d  twice  in  every  revolution  bj  tbe 
hoob,  Q,  with  the  production  of  a  Inllianl 
spark.   It  tbe  colls 


IS  bolding  tbe 
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not  oTer  two  hundred  feet  long,  for  the  small 
produced,  from  which  brilliiint  sparks,  the  deflaj 
fire  to  ether,  as  in  Bg.  703,  mnj  be  produced ;  nn 
touched  bj  the  rcTolving  points.  A,  on  the  end 
ofbu        (fadwh  d   mp 
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9.59.  Identity  of  electricity  &om 
■whatever  aource. — It  1  Uow^  from  ill 
that  his  been  said,  that  the  phpnotnena  of 
magnetic,  static,  and  dynamic  eleotrieity, 
are  all  capable  of  being  produeed  each  by 
the  other;  and  the  connluBion  seems  nar 
ranted  that  eleotrieity,  from  whatever  sou 


Nun 


and  ii 


loll  also  as  to  illnsti 
«n  eompoUed  to  state  in  terms  too  concisa.  The  student 
it  useful  to  oonault  tbo  figures  of  Davis's  Manual  of  Mag- 
Tus  of  apparatus,  due  to  the  ingenuity  of  Faraday,  Dr.  Page, 
or  works  of  standard  authority,  he  is  referred  to  Faraday's 
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trical  light. 

Combustion,  evaporation,  the  escape  of  gas  attending  chemical  trans- 
formations, chemical  decompositions  and  combinations,  have  all  been 
known  to  evolve  electricity  when  properly  observed ;  but  in  most  ench 
cases,  the  phenomena  are  too  complicated  to  render  it  clear  to  which, 
if  indeed  to  any  single  action  of  those  enumerated,  the  excitement  is 
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The  electn  al  ourrents  aet  up  bj  hpat:  (thermo-elpctncitv)  and  (h  se 
ariBing  fr  m  the  phpnomen  i  of  life  (nnimal  electricity)  are  t!  e  m  at 
inil  ( rtant  of  all  Bouroe?  of  electricity  not  before  dwelt  on  in  I  t  them 
we  will  n  w  briefly  adiert 

I  THEHMO  El  EfTRiriTr 
941  Thermo  electncity — lie  diacovery  f  thia  aour  o  of  nliv 
n-  cal  currents  is  due  to  Vebeok  uf  Bed  n  in  1S21  Ho  f  und  that 
if  two  metal?  of  inliltP  Lrystalline  teiture  and  conduct  ng  p  wer  are 
onited  by  s  Ider  ind  the  point  of  jun  tion  ih  eitl  er  heated  or  e  oled 
an  eleLtnca!  c  irrent  la  en,it*J  which  in  general  fl  ws  fr  ni  the  poii  t 
of  junction  to  that  metal  which  la  the  poorer  conductor  Fij;  705 
showa  Hii:,h  an  arrangpment  f  two  1  ttle  bars  of  bismuth  and  ant 
mony      When   the   inn  ti  i     e  Ifii  "35 

is  heated  a  current  f  posit  vi 
ele.,trn,  ty  flowi  from  ll  e  b  s 
mutb  6  t<  the  intimonj  a  II 
the  form  of  a  rectangle  is  given  / 
to  this  arrangement,  as  in  fig. 
704,  an  instrument  resembling 
Schweigger's  multiplier  ia  form-  ' 
ed  (905),  by  which  the  magnetic  needle  is  deflected.  A  twisted  wire 
also  produces  a  thermo-electric  current  when  the  twisted  portion  is 
gently  heated,  and,  besides  metals,  other  solids,  and  even  fluids,  give 
rise  to  this  species  of  electricity.  The  order  in  which  the  melala  stand 
in  reference  tfl  thia  power  is  wholly  uniike  the  Toltaic  series,  and 
appears  related  to  no  other  known  property  of  these  elements.  The 
rank  of  the  principal  metals  in  the  thermo-electric  series  is  as  follows, 
as  determined  by  Becquerelr — The  numbers  preBxed  give  the  order  of 
each  metal  in  the  table  of  specific  heats  as  determined  by  Rcgnault. 
Those  having  the  highest  specific  heat,  as  a  general  rule,  being  first  ia 
positive  power  (  +  )  in  the  tbermo'electric  magnet :  6  antimony  ;  1  iron  ; 
2  zinc ;  4  silver ;  7  gold  ;  3  copper ;  5  tin  ;  9  lead ;  8  platinum  ;  10 
silver. 

When  the  junction  of  any  pair  of  these  is  heated,  the  current  passes 
from  that  which  is  highest,  to  that  which  ia  lowest  in  the  list,  the  ox- 
(remes  affording  the  most  powerful  combination. 

Becquarel  has  found  the  intensity  of  the  current  id  a  thermo-electric 
combination  to  be  proportional  to  the  difference  of  temperature  in  the 
Bolderings  up  to  100°  or  120°  F.,  one  of  thepoints  being  at  32°.  Above 
this  limit,  the  increase  of  iniensitj  is  less  and  less,  with  a 
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heat.    In  a  couple  of  copper  and  iron,  the  ii 
Bensible  oear  570°  F. 

In  a  compound  thermo-electric  series,  inlcnse  effects,  analogous  to 
those  of  the  Voltaic  pile,  are  obtained  only  when  half  709 

the    solde rings    are    heated,    the    alternates    being 
cooled. 

Theimo-electtic  motiona. — If  a  compound  ring 
of  brass  and  Oerman-siher  is  suspended  within  the 
poles  of  a  magnet,  as  in  fig.  706,  when  the  soldering 
of  the  ring  is  heated,  a  revolution  is  set  up,  through 
the  influence  of  the  magnet  on  the  electric  current, 
quite  analogous  to  similar  electro-magnetic  motiona. 

Cold  pioduced  bj  electrical  canents. — If  we 
pass  a  feeble  current  of  electricity  through  a  pair  of 
antimony  and  bismuth,  the  temperature  of  the  system 
rises,  if  the  current  passes  from  the  former  to  the 
latter ;  hut  if  from  the  bismuth  to  the  antimony,  cold  is  prnduoed  in 
the  compound  bar.  If  the  reduction  of  temperature  la  slightly  fuded 
artificially,  water  contained  in  a  cavity  in  one  of  the  bars  may  be  frozen. 
Thus  we  see  that,  as  a  change  of  temperature  disturbs  the  electrical 
equilibrium,  eo,  conversely,  the  disturbance  of  the  latter  produces  the 
former, 

1.  Melloni's  thermo- multiplier. — We  have  already  alluded  lo 


this  delicate  metallic  thermometer,  | 
tion  in  the  phenomena  of  dia- 
thermancy (642).    This 


id  have  shown  its  appiici 


<    of    I 


I    of 


small  bars  of  antimony  and  bis- 
muth, a  and  b,  fig.  707.  soldered 
together  at  their  alternate  ends. 
Two  wires  connect  the  opposite 
members,  n  and  m,  fig.  708,  of 
this  battery,  with  a  galvanome- 
ter.    The  needle  of  the  galva- 


iuapended  over  a  gm^Juated  circle,  and  moves  in  exact 
accordance  with  a  thermo-electric  current  produced  by  the  battery. 
The  least  difference  in  temperature  between  tlie  opposite  faces  of  this 
battery,  produces  a  thermo-electric  current,  deflecting  the  needle  of 
the  galvanometer,  fig.  658,  as  already  explained  in  1 042. 


II. 


943.  Tbe  ealvanlo 


—We  have  already  spoien  of  tlie  diw 
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nimals,  living,  o 


made  between  the  ^ 
ervea,  by  bendiii 


COvecy  by  Galvaai  of  electrical  c 
dead,  flowing  from  the  uuter  or  cutnneu 
mucous  surface.     Thus,  when  contact  is 
muselea  of  the  thigh  and  the  lumbar 
the  legs  of  a  vigorous  frog,  fig.  709,   ■ 
diatoly  follow.     Aldini,  who  was   a  zealous   advocate   of 
Gaivani's  views,  during  the  controversy  between  the  fol- 
lowers of  Galvani  and  Volta,  demonstrated  the  existence 
of  such  a  current  in  other  animals  by  the  legs  of  a  frog  u 
Ba   a   galvanoscope.      For   this   purpose,   be   brought   the 
lumbar  nerve  of  a  frog,  held  as  in  fig.  710,  in  contact  n 
the  tongue  of  an  ox  lately  killed,  while  the  hand  of  the  operator,  wet 
vrith  salt  water,  grasped  an  ear  of  the  ani-  710 

mal  to  complete  the  circuit.  The  legs  were 
then  convulsed  as  oft«n  as  the  nerves  touch 
the  mucous  surface  of  the  tongue.  The  same 
delicate  eleotroscope  also  shows  similar  ex- 
citement when  its  pendulous  ischiatic  nerves 
touch  the  human  tongue, — the  toe  of  the 
frog  being  held  between  the  moistened 
thumb  and  finger  of  the  experimenter. 

Matteucci,  of  Pisa,  in  1837  (forty  years 
after  Gaivani's  result  was  obtained),  has  the  -jf 
merit  of  reviving  Gaivani's  original  ai 
reel  opinion  as  to  the  vital  source  of  this  " 
electricity.  He  demonstrated,  that  a  current  of  positive  electricity  is 
always  circulating  from  the  interior  to  the  exterior  of  a  muBcle,  and  that, 
although  the  quantity  is  exceedingly  small,  vet, 
muscles,  having  the 
nected,  he  produced 
cient  electricity  to 
decided  eflects.  By 
of  half  thighs  of  frogs,  C~t 
arranged  as  in  fig.  71t,  he  X. 
decomposed  the  iodid  of 

potassium,  deflected  a  galvanometer  needle  to  90°,  and,  by 
a  condenser,  caused  the  gold  leaves  of  an  electroscope  to 
diverge.  The  irritable  muscles  of  the  frog's  legs  form  an 
electroscope  flfty-aii  thousand  times  r 

most  delicate  gold-leaf  electrometer.  When  the  pendulous 
nerve  of  a  single  leg,  arranged  in  a  glass  tube,  as  in  fig.  712, 
is  touched  in  the  places  where  electrical  excitement  is  suapt 
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muscles  in  the  tube  are  iDstantlj  ooovulsed.  Du  Bois  Rajniond,  of 
Vienna,  has  dGmooatrated  the  esistence  of  these  currents,  in  his  own 
person,  by  the  use  of  the  galvanometer,  for  which  purpose  the  nnnfilea 
of  the  hands  and  arraa  are  alternately  contracted  on  a  metallio  bar  in 
connection  nith  a  galvanometer. 

944.  Electrioal  animals. — In  some  marine  and  fresh-water  s-ni- 
mals,  a  special  apparatus  exists,  adapted  to  produce,  at  pleasure,  pow- 
erful currents  of  statical  electricity,  either  as  a  means  of  defence,  or  of 
capturing  their  prey.  Of  these,  the  electrical  eel,  of  Surinam,  Srst 
described  by  Humboldt,  and  tbe  cramp-Jiah,  or  torpedo,  a  flat  fish  found 
on  our  own  coast,  are  the  most  remarkable.  They  haTe  an  alternate 
arrangement  of  oollular  tissue  and  nervous  matter  in  thin  iilates  of  a 
polygonal  form,  constituting  a  perpetually  charged  electricai  battery, 
arranged  in  the  manner  of  a  pile.  By  touching  their  opposite  Hurfaces, 
a  very  violent  shock  is  received,  each  as  to  disable  a  very  nowerfnl 
man,  or  even  a  horse.  Prof.  Matteuoci  has  shown  us  how  to  charge  a 
Leyden  jar,  by  placing  the  torpedo  between  two  plates,  arranged  like 
the  plates  of  a  condenser ;  and  Fnraday  has  published  an  interesting 
account  of  his  eitperlmenta  with  the  eels  of  Surinam,  from  which  he 
not  only  obtained  shocks,  but  made  magnets,  deflected  the  galvanome- 
ter, produced  chemical  decompositions,  evolved  heat  and  electrical 
sparks.  (Eipt.  Res.  1749-1795.)  The  student  ia  also  referred  to  Prof. 
Matteucci's  interesting  "  Lecturea  on  Living  Beings,"  for  further  del^lg 
on  this  very  interesting  subject,  and  to  a  memoir,  on  the  American 
Torpedo  (Dr.  D.  H.  Storer,  Am.  Jour.  Sci.  [1],  XLV..  164). 

945.  Iilectiicity  of  plants. — Pouillet,  in  bis  researches  on  the 
origin  of  atmospheric  electricity,  made  the  interesting  discovery  of  the 
disengagement  of  negative  electricity  during  the  germination  of  seeds, 
and  the  growth  of  plants.  This  observer  estimates  that  a  surface  of 
100  square  yards  covered  with  vegetation  disengages,  in  a  day,  more 
electricity  than  is  required  to  charge  the  most  powerful  Leyden  battery. 

Currents  of  electricity  have  also  been  detected  in  fruits,  and  in  the 
bark,  roots,  and  leaves  of  growing  plants ;  the  roots,  and  all  internal 
parts  of  plants  filled  with  juice,  being,  according  to  Buff,  negative  with 
relation  to  the  exterior  or  less  humid  parts. 

[For  Problems  on  EWAricity,  see  end  of  Meteorology.'] 
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CHAPTER  I. 

METEOROLOGY. 

946.  Mete  orolosy  1 1  at  bra  ch  fmt  r^l  p  h  I  ophjwh  h  treita 
of  the  atmosphere  a  d  ta  phoQ  menn  Tl  e  subject  nay  pr  pe  Ij  Va 
dkided  intn — 1st  LI  d  atologT  "^  Aer  a  1  phenomena  con  prebend  ng 
winds,  hurricanes  and  ater  spouts  31  Aq  e  at  phenome  a  n  iud 
ing  fogs,  clouda,  ra  ns  dew  snow  and  ha  1  4tl  Lan  nous  and  olee 
trical  phenomena   as  1  ghtn  ng  fi  nl   w     and  aurora  boreal  s 

Our  narrow  lim  ts  of  bj  ace  restr  ct  o  r  reo  rks  n  t!  s  nteresting 
subject  to  a  very  u'ldequate  rol  earoal  of  s  pr  nc  jAet  The  student 
will  refer  to  the  worlis  of  Espy  an  1  Bludget  a  d  the  papers  of  Coffin 
Henry,  Loomis,  Pedfiold  and  others  n  the  t  ansaot  ona  of  the  An  en 
can  Philosophical  S  c  ety  publ  cat  o  »  f  the  Sm  theon  an  I  at  tut  on 
the  United  States  Patent  Offi  e  and  the  Amer  an  Journal  of  St.  enoe 
for  an  exhibition  of  the  American  results  in  this  science 
I  1    Climatolog; 

947.  Climates  seasons  —By  climate  is  meant  the  conditir  n  of  a 
place  in  relation  to  the  various  phenomena  of  the  atmosphere  as  tem 
perature  moisture,  &i.  Thus,  we  speak  of  a  warm  climate,  a  dry 
nlimate  &c 

A  season  i^  on©  of  the  four  divisions  of  the  year  spring  summer, 
autumn  and  winter  ABtronimual  seasons  are  regulated  according  to 
tlie  march  of  the  sun  In  metetrilogy  it  is  sought  to  divide  them 
according  to  the  maruh  of  temperature  W  inter  being  the  most  rigor 
ous  of  seasons,  it  is  so  arranged  that  its  col  iest  days  (about  January 
15th)  fall  m  the  miidle  of  the  seison  Hence  winter  consists  of  De- 
cember January  and  Feliuary  spring  of  March  April  and  May, 
Ac.  Few  meteorologiata  have  regard  to  the  astrontmiLal  divisions, 
which  mate  mntPr  legm  December  21st 

948.  Inflaence  of  the  snn  — The  sun  is  the  principal  cause  that 
regulates  \ariationa  in  temperature  In  propjrtion  as  this  lumimrv 
rises  abjve  the  horizon  the  heit  increases  it  diminishes  as  soon  is  it 
seta.  The  temperature  also  depends  m  the  time  it  remains  above  the 
horizon  The  sun  in  winter  sends  its  ravs  obhquely  upon  the  earth 
and  at  fh  s  scasLU  thcref  re  less  heat  is  received  thin  in  summer, 
when  its  ra^a  are  more  neir!\  perpendicular      MithematiLiana  have 
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io  vain  Rndeavored  to  deduce  the  temperature  of  days  aod  seasons 
from  the  height  of  the  sun  above  the  horizon.  This  fjiiluro  is  owing 
to  manj  accidental  and  ioual  causes,  -which  modify  the  resuU.^as  elo- 
Tation  above  the  ocean,  ioolination  of  the  surface,  vicinity  of  seaa,  lakes, 
:r  mountains,  preyalent  winds,  &o, 

949.  Meteorological  obseiTations,  to  be  compared  with  each 
other,  especially  when  made  in  different  locations,  should  be  made  at 
certain  fixed  hours  of  the  day.  The  hours  regarded  as  most  suitabla 
for  this  purpose,  are  6  a.  m..  2  p.  m.,  and  10  p.  m.  To  these  hours  am 
sometimes  added  9  a.  h.,  iind  6  f.  u. 

950.  Mean  temperatnre. — The  mean  or  average  daily  tempera- 
ture is  commonly  obtained  by  observing  the  standard  thermometer  at 
stated  times  during  the  day,  and  then  dividing  the  sum  of  these  tem- 
peratwes,  respectively,  by  the  number  of  observations.  It  has  been 
ascertained,  that  the  mean  temperature  deduced  from  observationa 
taken  at  6  a,  b.,  2  p.  m.,  and  10  p.  m,,  corrosponds  almost  exactly  with 
the  mean  obtained  from  observations  taken  every  hour  in  the  24 ; 
hence  the  three  hours  named  are  considered  the  proper  hours  for 
taking  observations.  The  lowest  temperature  of  the  day  occurs  shortly 
before  sunrise;  the  highest  a  few  hours  after  noon.  The  mean  daily 
temperature,  at  Philadelphia,  is  found  to  be  one  degree  above  the  tem- 
perature at  9  A.  K. 

By  taking  the  average  of  ail  the  mean  daiiy  temperatures  throughout 
the  year,  the  mean  annual  temperature  is  obtained. 

951.  Monikli/ variation)  in  temperature. — In  the  successive  months 
of  the  year,  there  is  a  regular  variation  in  temperature.  From  the 
middle  of  January,  the  temperature  rises,  at  first  slowly,  in  April  and 
May  rapidly,  then  less  rapidly  to  the  end  of  July,  when  it  attains  its 
maximum.  It  falls  first  slowly  in  August,  rapidly  in  September  and 
October,  and  reaches  the  minimum  about  the  middle  of  January. 

In  the  United  States,  the  monthlj  varialdona  of  temperatnre  nre  Dinrlj  Ha 
follows.  (Thefigureeattached  to  the  signs  +  and  —  by  the  aide  of  each  month, 
signifj  the  number  of  degrees  eolder  or  warmer  it  is  than  the  one  immcdiatolj 
preceding.) 

.rannarj,  the  eoldest;  Pebrnary,  +2°  to  4°;  March,  S"  to  10°;  April,  10°; 
May,  B=  tol2°i  June,  7°  to  9";  July,  4*  lo  8°i  Angost,  — 1°  to  3°;  September, 
—5°  to  8°;  October, —8°  to  10";  November, —10°  to  14°;  December, —10°  lo 
15°.  The  eoldest  days  are  generally  abont  the  16th  of  January ;  the  warmest, 
near  the  35th  of  July.  The  means  of  the  months  of  April  and  October,  are 
very  near  the  annual  mean. 

952.  Tlie  range  of  temperature  during  the  year,  is  due  to  variations 
in  the  length  of  days  and  nights,  and  the  iieight  of  the  sun  above  the 
horizon  at  noon. 
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the  horiion.     This  chimge  ia  slow 

longer  than  tbe  nights,  the  eaiHi  rtoeives  more  heat  than  it  loEea  by  radiation. 
The  Wmpernture  inereaaea  more  slowly  as  the  summer  solstice  ie  approaehed, 
because  the  changes  in  tbe  beigbt  of  the  !un  and  length  of  the  day,  are  small. 
Alter  tbe  eolatice,  the  temperature  continues  to  iocreaee,  ontil  about  July  SSth ; 
the  heat  received  through  the  day  being  still  greater  than  the  quantity  lost 
during  the  night.  As  the  days  deureaae  in  length,  and  the  aun  approaches  the 
equator,  tlie  temperature  falls,  and  attaina  its  miQimum  near  the  middle  of 
January.     For  the  extremes  of  natural  temperature,  compare  section  741. 

953.  Variatione  of  temperature  in  latitude. — The  mean  tem- 
perature  of  different  places  od  the  ^ams  latitude,  varies  according  to 
the  height  of  the  aun  at  mid-daj  above  the  horizon  at  these  points. 
The  highest  temperature  ia,  therefore,  found  at  the  equator;  it  dimin- 
ishes either  way  to  the  poles. 

The  mean  aummer  tcmperatnre  of  regions  midway  between  the  poles  and  the 
equator,  may  be  as  high  as  at  the  equator,  because  the  sun  is  above  the  horiion 

noriion  during  sii  months  of  the  year,  the  rays  are  direoted  so  obliquely  that 
their  ealoriae  action  ia  very  feeble. 

The  temperature  ia  not  the  same  for  places  in  the  same  latitude  in 
the  two  hemispheres,  as  is  seen  in  the  following  table: — 


PL.ce..                1    L«,l,ude. 

Temp- 

Pl.c^. 

Latitude.    ,   Temp. 

Talliland  Isles, 
Buenos  Ay  tea, 
Elc  Janeiro, 

.    51"  S. 
.    3i°36'S. 

AT'-2S 

Lo 

8a 

..don,      .     .     . 
annah,.     .     . 
culta,     .     .     . 

51''31'N.|50='73 
32"  05'  N.    WbS 
22°35'N.    T8"-44 

iriety  of  local  causes,  such  as  the  ele- 
vation and  form  of  the  land,  proximity  to  large  bodies  of  water,  the 
general  direction  of  winds,  &c. 

951.  Variations  of  temperature  in  altitude.— The  average  diminu- 
tion in  temperature  in  aaoending  ftom  the  sea  level  is  1"  S.  for  every  300  feet. 
Supposing  the  overage  temperature  of  the  air  at  the  level  of  the  sea,  near  ths 
equator,  to  be  SD°,  and  Coward  the  poles  0°,  the  Sgurea  in  the  eeoond  and  third 
eolnmn  of  (be  following  table  will  cxpreas  approximately  the  temperature  at  dif- 


{Fro' 


liell.) 


™.,. 

0 

80" 
G4">4 

—  18"-5 

—  ST^'S 

15,00t 

31"* 

SO,O0C 

12"'3 

25,00( 

30,000 

_30o-7 

-U0"-3 
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955.  Lim.t  of  perpetual  saow.— It  follow)  Imm  what  has  juat 
been  stated,  that  in  every  latitude,  at  a  cert'im  elevitimi,  there  must 
be  a  point  where  moisture  once  frozen  must  ever  remam  congealed. 
The  lowest  point  at  which  this  is  attained  i8  called  the  limit  of  per- 
petual  snow,  er  the  snow-line.  This  point  is  generally  highebt  near  the 
equator,  and  sinks  towards  either  pole.  There  are  howeve 
exceptions  to  thi»  rule. 


1              L.«t„.=.               !             S..W..1...            1 

StraitB  of  Magellan, 

41"  S. 

M"  15'  N. 
42"  X. 
14"  30'  S. 

37"  30'  N. 
50°  40'  N. 

3760  feet 

15,807    " 
18,719    " 

1S,B3I    " 
14,703    " 

5248    " 

Himalaja,  North  side,      .    ,     .     . 

W.  Cordilleras, 

Kamtscbalka, 

;  bas  been  observed  that  tho  different  beighta  of  perpetual  frost  decrei 
r  slowly  as  we  recede  from  the  equator  until  we  reach  the  limit  of  the  tor 
J,  when  tliey  decrease  more  rapidly.  The  average  difference  for  every  5' 
laAe  in  the  temperate  lone  is  1318  feet,  while  from  the  equator  to  30°  I 
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different  points :  thus  it  is  raaoh  higher  in  the  Huoalavaa  latitude  14°  15  N 
than  at  the  equator.  H  ml)  Idt  remarks  thit  the  limit  la  not  due  alone  to 
geographioal  latitode,  that  it  is  owing  to  a  coml  ination  of  mat  y  "auaea  such  as 
differenceE  in  the  temperature  of  ea  h  "ea"  n  the  d  rtcticn  tf  the  w  nd»  the 
habitual  dryness  or  humidity  of  the  atmosphtrc  the  loroi  of  the  mcnntain  ltd 
vicinity  to  otter  pcak^   Ac 

956.  laothermal  lines  —If  all  the  points  whose  mean  tempenturo 
is  the  same  are  connetteJ  by  lines  a  series  of  tunes  aie  obtained, 
which  Humboldt  was  thu  hrst  to  trace  on  Lharti  anJ  which  he  has 
named  isoihermm,  or  iboiheinial  lines  (fnro  lauc,  equal  and  Sip/i^, 
heat).  The  latitude  and  longitude  are  the  principal  conditions  whiuh 
iietermine  the  temperature  of  any  point  upon  the  earth  a  surface  but  tha 
influence  of  these  conditions  is  greatly  modified  by  numerous  accidental 
and  local  influences ;  hence,  the  isothermal  lines  present  numerous 
Binuosities  instead  of  passing  around  the  earth  parallel  to  any  degree 
of  latitude.  The  introduction  of  isothermes  formed  an  important  epoch 
in  meteorological  science,  for  by  it  have  been  established  the  great  laws 
of  the  4istrib\ition  of  beat  over  the  surface  of  the  earth  for  the  foui 
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leasona.     Tlie  chart  of  isoclitial  lines,  fig.  543,  serves  alsu  W  illustrate 
the  general  direction,  ami  place  of  isothermiil  lines. 
I  2.   Aerial  Phenomena. 

95T.  General  ooiisidetatioo  of  winds. — Wind  is  air  in  motion. 
Winds  are  gi^ncrallv  caused  by  variations  in  the  temperature  of  the 
earth,  produced  in  part  bj  the  alternation  of  day  and  night,  and  the 
change  iif  the  seasons.  The  air  in  oontaot  with  the  hotter  portion  of 
the  earth  becomes  heated,  and  being  lighter  than  before,  rises,  while 
the  snrruunding  air  rushes  in  below  to  supply  its  place.  The  revolution 
of  the  earth  on  its  axis,  also  comes  in  as  an  important  modifying  cause 
of  the  thermal  conditions.  Winds  are  alsq,  sonietimeH,  caused  by  tha 
sudden  displacement  of  large  volumes  of  air,  as  in  the  fall  of  an  ava- 
lanehe.  Winds  are  named  from  the  points  of  the  horizon  from  which 
they  blow. 

958.  PropEtgatiou  of  wind*). — Whether  a  wind  is  first  felt  in  the 
country  from  which  it  comes,  or  in  that  to  which  it  is  directed,  is  still 
an  unsettled  question.  It  would  seem,  however,  that  often  at  least  it  is 
first  felt  in  the  region  to  which  it  is  directed. 

It  has  already  been  said  that  winds  are  moused  by  ioequalities  la  the  tempera- 
tur*  of  the  air.  If  the  air  above  a  certain  region,  as  in  the  tropica,  becomes 
heated,  it  rises,  nod  the  t^r  in  the  ticinilj  tnshes  into  the  apaoe  abandoned  by  the 
ueeuding  oolnmu.     This  air  beconies  rarefled,  and  this  Yarefnction  is  comuiual- 


oated  from  point  ( 

»poin 

t,  just  as  the  «a 

vesof 

sound  . 

ixpand.    The 

1  wind  is  tbu> 

propagatfld  in  a 

on  oppo 

hat  in 

which  : 

it  blows.     S. 

icb  winds  ari 

called  Binds  of  a, 

,pi,<,ii, 

.».     Wi 

nds  whi< 

!h  are 

ated  in  the  s; 

ame  direction 

from  Hhieh  they 

blow  1 

ire  sailed  winds  of  i» 

„#«lid 

in.     Franklin  made  some 

ations 

on  wind 

5  of  aspi 

He  no 

ticed  that  a  i 

violent  north- 

east  wind,  which 

aboBt  T 

o'clock, 

Boston  until  11  o' 

fening. 

Again 

ent  south- w( 

>st  wind  blew 

first  at  Albany,  ai 

ad  afU 

Twards 

at  Mew 

York. 

£ut  1 

the  e:(istea<^( 

,  of  winds  of 

insufflation  is  not 

lessw 

ell  prov 

en.    The 

t*rrib 

le  hurri 

cane  from  th 

s  south-west, 

OD  the  S9tb  of  Nt 

ivembe 

r.  1836, 

arrived 

tit  Loi 

udon  nl 

;  10  o'clock 

ing,  al  the  Hague  at  I  o'clock  in  the  aftamoon,  at  Amsterdam  at  li,  at  Hamburg 
at  6,  at  Lubeck  at  7,  and  at  Stetdn  at  half-past  9  o'olook  in  the  evening. 

959.  Aaeraoscopea. — -The  direction  of  currents  of  air  blowing  nt 
great  heights  may  often  be  determined  by  thf  direction  in  which  the 
clouds  move.  The  direction  in  which  surface  winds  move  is  determined 
by  meaits  of  anemoscopes  {from  atisiio^,  wind,  and  exoxd^,  one  who 
watehes). 

The  ordinary  vane  is  the  simplest  nuemoscupe.  From  its  position  on  the  top 
of  an  edifice,  observations  of  it  are  extremely  inconvenient,  and  as  ordinarily 
Bonstmcted,  it  is  not  sufficiently  delicate  to  move  with  alight  agitations  of  the 
air.  Anemoscopes,  suitable  for  accurate  observation,  are  variously  con8trui>ted. 
Thoy  may  consist  of  tw )  or  mora  fan-wheels,  whose  axis  supported  boriionlally 
b  in  conneotion  with  a  yertical  bar.     The  lower  end  of  this  bar  is  delicatelj 
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■upported,  and  has  a  needla  attached  to  it  at  right  angles,  mov 

960.  Anemometers  (from  avE/iii?,  wind,  and  iiirpm, 
instruments  designed  to  measure  the  velocity  of  winds. 
The  Telooitj  of  wiuds  is  indicatad  bj  tiie  foroe  with  which 

stnouQt  of  pressure  excited  hj  a  wind  npon  a  plate  placed  porp 

its  oompresaion  indioatiug  the  fore 


la  of  iae 
anemometers  indicate  tho  rel 
wind  by  tte  number  of  rev  oh 

one  is  Woltmaim's  anemomet 
slats  CBScntiollj  of  a  email  w 

etronger  tbe  wind,  the  greater  the 
data  for  ascertaining  correctly  wi 
easily  obtained  as  follows  :—Nothi„6 

rolutione  made  in  going  any  known  dist 
be  the  esme  aa  if  the  air  was  in  motion. 


^ 


Ii 
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of  very  vo.rious  forms  havo  been  designed.     No  one  yet 
stTucted  indicates  tho  veioeitj  of  winds  with  absatuCe  precision. 

961.  The  velocity  of  winds  varies  from  that  which  scarcely  it 
a.  leaf  to  tliat  nhich  overthrows  the  staanchest  oak. 


one 

Common  appellnllon  of  such 

ulS. 

*mdB. 

1 

■005 

Hardly  perceptible. 

i 

■073 

Gentle  wind. 

■4B2 

1107 

Pleasant  brisk  gale. 

Very  brisk. 

30 

6  027 

High  wind. 
\cry  high. 

SO 

13. WO 

Great  storm. 

80 

31-490 

Hurricane. 

100 

49800 

Violent  burncane. 

Formulae.— The  fol 

owing  formnlie  for 

dele 

mining  the  velocity  of 
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■winds  from  the  observed  pressures,  have  been  deduced  from 
table  given  above ; — 

•n  n  Bqame  foot  of  sarfoce  at  ligbt  anglee  to  tlio  dircctioD  of  the  ni 


H-. 


,    or   F=14-25rT/j'. 

:  =  0'01l492lb«. 

ond  in  feet,  we  mnUiply  bj  52S0  (th 


K  =  F  V = X  U-r37-\/P  =  20-91 1//'. 

'^  381)0        3600  -^  r  * 

Winds  are  divided  into  three  claaaos,  via,,  regular,  periodical  and 

variable, 

962.  Regular  ^(?lnc[a  are  those  whieb  blow  oootinuouslj  in  a  nearly 
constant  direction,  as  the  trade  winds. 

Trade  winds  occur  in  the  equatorial  regions,  on  both  sides  of  the 
equator  to  about  30°  of  latitude.  Those  in  the  northern  homisphore 
blow  from  the  north-east  to  the  south-west ;  those  in  the  southern  hemis- 
phere from  the  aoutli-east  to  the  north-west. 

These  winds  are  piodncod  by  the  unequal  distiibntionof  beat  upnn  the  snrface 
of  the  earth,  and  b;  the  rotation  of  the  earth  on  its  axis.  From  the  vertioal 
poaitioa  of  the  eun,  the  equatorial  regions  are  inlonseiy  heated,  the  temporature 
gradually  diminishioE  towards  the  polea.     The  healed  air,  ahove  the  equator, 

Ac  the  same  time,  currents  are  established  on  the  surface  of  tba  earth  to  supply 
to  the  equatorial  regions  the  air  which  the  upper  enrrenta  hava  carried  off.  If 
the  earth  were  at  rest,  these  winds  would  blo»  due  north  and  south.  But  the 
earth  is  rerolving  on  its  axis,  from  west  to  easl,  at  the  eqnator;  therefore,  tbe 
eastern  lelocity  is  greatest,  but  it  gradually  diminishes  towards  the  poles.  In 
consequence  of  this,  the  wind  blowing  from  the  Borth  pole,  towards  ihe  equatoe, 
aequircs  a  Tresterlj  direction,  and  seems  tfl  come  from  the  north-east,  and  for 
the  same  reason,  the  wind  blowing  from  the  south  pole  towards  the  equator,  also 

These  trade  winds  are  not  stationary,  moving  to  the  north  in  the  summer  of 
the  uortbcrn  hemiaphere,  and  south  as  the  sun  withdraws  to  the  southern  tropic. 

The  genersl  direction  of  these  trade  winds  is  no  more  altered  by  the  form  of 
aontinents,  iheir  elevation  and  headlands,  than  is  the  general  course  of  the 
waters  in  a  river  by  rooks  in  its  bed,  though  abrading  surfaoes  and  irregulari- 
ties may  produce  a  thousand  eddies  in  the  main  stream. 

963.  Periodical  winds  are  those  which  blow  regularly  in  the  same 
direction,  at  the  same  seasons  of  the  year,  or  hours  of  tlie  daj.  The 
most  interesting  winds  of  this  class  are  the  monsoons,  and  the  land  and 
the  sea  breeiea. 

TIic  mmsoons  occur  witbin,  or  near  the  tro))icBj  they  blow  from  a  cerlain 
quarter  about  one-half  of  the  year,  and  from  an  opposite  point  during  the  other 
halC     The  cauie  of  the  monsoons  is  found  in  the  effect  prodaced  by  the  'an  in 
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hU  annual  progreaB  from  one  tropic  to  aaother,  saw 

ssivelj  heating  the  land  on 

either  side  of  tbs  equator-     Tha  «moo™  is  a  perio 

ical  wind  which  blows  ever 

the  deserts  of  Asia  and  Africa;  it  is  noted  for  its 

high  temperature,  and  the 

sand  which  it  raUes  in  the  atmosphere,  and  carrie 

from  the  Great  Sahara  desert  hlows  oyer  Algeria  a 

nd  Italj,  and  reaebea  even 

ves  the  name  of  s;™ce«. 

On  the  coasts  and  islands  nilhin  the  tropica,  and 

0  some  estent  in  temperate 

regions,  a  sea  brecM  dail;  occurs  Sowing  tcom  liie 

sea  to  the  land  during  tha 

ad  breeze,  flowing  from  tha 

tand  to  the  sea.     In  some  places  these  brceiea  are 

searcely  perceptible  beyoad 

the  shbre ;  in  others,  they  extand  inland  for  milea. 

The  causes  of  the  land  and  sea  breeaes  are  very 

apparent.     During  the  da;. 

■hile  the  sun  shines,  the  land  acqutreu  a  higher  temp 

rature  than  the  water  of  the 

eurtounding  oeean.     The  air,  above  the  land,  bee 

mes  heated,  and  risea.     To 

supply  Ihe  place  of  that  which  has  risen,  air  flows  i 

from  the  sea,  aonstitutlng 

the  sea  broeie.     But  when  the  sun  descends,  the  Ian 

d  rapidly  loses  ita  heat,  by 

radiation,  while  the  temperature  of  the  ocean  is  s 

arcely  changed.     lu  conse- 

lis,  the  I 


le  land  I 


re  dense. 


1  breeze.    At  the  same  time,  in 
the  higher  regions  of  tha  atmosphere,  air  flows  in  from  the  sea  to  the  land. 

964  Variable  winds  are  those  which  blow  Bometiiiies  in  one  direc- 
tion, aomBtimeo  iq  another  The  direction  of  winds  is  influenoed  by 
numerous  ciusea,  as  thp  nature  and  furm  of  the  surface  of  the  eartb, 
the  projLiimty  of  Urge  bodies  of  water,  &c.  In  these  latitudes,  the  di- 
rection of  the  prevailing  winds  is  from  the  north-west  to  the  south-east. 

965  General  direction  of  winds  in  the  higher  latitndea. — In 
ihe  tilile  g\en  below  the  relative  frequency  of  different  winda  is 
g  ven  Tl  0  total  nu  her  f  wiiiiis  in  each  country  is  represented  ty 
1000     the  figures   n  tl  c  tabic  represent  their  relative  frequency. 
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greater  propordon  are  from  the  north-west.     Ii 

all  the  nor  barn  hem  sph 

reth 

shown  by  the  fa  t  that 

he  a 

eraga  length  of  the  voyage  from  Now  York  t 

LivEipool  hy  packet  la  b 

ays,  while  that  of  the  return  voyage  is  *0.     In 

the  high  southern  latituc 

sthi 

;ame  thing  ia  observed.     Lieut.  Maury  remark 

that  at  Cape  Horn  there 

reth 

ree  times  a<  many  westerly  a#  easterly  winds. 
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966.  Physical  properties  of  winds  —Winds  are  b  t  cold,  dry, 
ot  moiBt,  according  to  the  lueutitn  from  nl  th  they  come  and  tlia 
kind  of  surface  over  which  tl  ej  pass 

If  they  come  over  the  sea  from  lower  latjtu  lea  thpy  are  warm  and 
moist ;  if  aorosa  the  land  and  from  the  north  they  are  c-uld  aud  dry. 
Our  north-east  winds  are  cold  and  moist  because  they  c  me  from  the 
north,  over  the  Atlantic  Ooe^n  bouth  winds  are  I  ere  wirm  and 
humid  ;  north  winds  Cold  and  dry 

967.  Hot  winds.— Over  the  deserts  of  Asia  and  Africa  an  lutensely 
hut  wind  oooasionally  prevails.  In  Arabia,  it  is  called  simoon,  sign! 
fying  poisonous :  in  Egypt,  khamHn,  because  it  blows  forty  days.  In 
the  western  part  of  the  Great  Desert,  and  in  Guinea,  it  bears  the  name 
of  harmaltan. 

The  Boil  of  theso  eountries  ia  uniformly  covered  with  a  fins  reddish  aand, 
which  becomes  prodigiously  lieaWd  bj  the  sun's  rays.  As  the  wind  passes  ovei 
this  Burfaoe,  it  becomes  inlensely  healad;  the  fine  partiolea  of  aand  are  raised  in 
the  air,  giving  a  reddish  or  purplish  tinge  to  tbe  atmosphere ;  the  sky  beoomei 
obscured,  the  sun  loses  its  brilliancy,  as  the  winds  blow  from  tbe  desert.  Tbe 
burometer  falls  vary  low,  plants  dry  op,  and  evaporation  talies  place  with  great 
rapidity  from  the  anrfaee  of  the  skin,  giving  rise  to  the  greatest  Buffering. 

968.  Hurricanes,  or  cyclones,  are  terrific  storms,  often  attended 
by  thuuder  and  lightning;  they  are  distinguished  from  every  other 
tempest  by  their  extent,  their  power,  and  the  sudden  changes  in  their 
direction.  From  numerous  observations,  "it  appears  that  hurricanes 
are  storms  of  wind,  which  revolve  around  an  axis,  upright  or  inclined 
to  the  horizon,  wliile,  at  the  same  time,  the  body  of  the  storm  has  a 
progressive  motion  over  the  surface  of  the  earth."  This  law  has  been 
established  by  Redfleld  and  Reid.  Their  progressive  velocity  varies 
from  ten  to  thirty  or  forty  miles  per  hour ;  the  rotatory  velocity  ia 
sometimes  as  much  as  a  hundred  miles  per  hour.  The  diameter  of  a 
hurricane  is  from  a  hundred  tu  live  hundred  miles,  though  sometimes, 
as  in  the  Cuban  hurricanes,  it  is  much  more. 

Pig.  714  shows  tbe  origin,  rotntion,  and  genera!  aourae  of  hurricanes  in  both 
tlie  northern  and  southern  bemiapherea.  These  terrible  atorma  have  never  been 
known  Ut  sweep  aorosa  the  equator,  although,  In  one  case,  similar  hurricnnea  were 
raging  at  the  same  time,  on  both  sides  of  tbe  equator. 

A  northern  hurricane  commences  with  a  violent  rotary  motion,  as  shown  by 
ibe  arrows  at  a.  In  latitude  10°  or  IS"  north  of  the  equator,  eorreaponding  very 
nearly  with  the  aun's  northern  declination,  and  extending  over  an  area  of  from 
jO  to  200  or  300  miloa,  the  rotary  motion  of  the  storm  tending  inwards  towards 
lis  centre.  At  the  same  time  the  general  progress  of  the  slorm  is  obliquely 
west  and  northward  nntil  it  reaches  the  limit  of  the  uortb-enst  trade  winds,  where 
it  sweeps  around,  tailing  a  norlh-eivsterly  direction,  the  yortei  enlarging  as  il 
prngresics,  spresdiog  (  ver  un  are^  of  ^00  ur  lOOD  miles,  until  at  last  it  moT«l 
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1  well  ascertained  that,  in  both 

e  air  in  a  eyelone  or  hu 

a  direution  contrary  to  that 
)  of  the  sun.  Thus,  in  tJ 
northern  hemiephere,  the  course  of  the  sun  is  from  the  e; 
the  south,  then  to  the  west  and  north,  and  the  movement  of  the  air  in 
the  hurricane  is  in  the  opposite  direction ;  ('.  e.,  from  the  north,  by  the 
west,  south,  and  east,  or  in  a  direction  contrary  to  the  motion  of  the 
hands  of  a  watch,  lying  with  the  face  upward.  In  the  southern  hemi- 
sphere, the  course  of  the  sun  is  from  the  east,  hj  north,  west,  and  south, 
and  that  of  the  cyclone  is  from  the  north,  by  east,  south,  and  west,  or 
in  the  direction  of  the  hands  of  a  watch.  East  winds  are,  in  both 
hemispheres,  characteristic  of  a  commencing  hurricane  (i.  e.,  on  east 
wind  is  always  found  on  the  front  of  the  advancing  storm,  e 


ily  in  the  latter  part 
1  the  northern  hemisphere, 
n  the  advancing  border  of 
D  D ;  while,  in  the  south- 
a  the  advancing  quadrant 


the  figure) ;  while,  in  general,  west  winds 
of  the  storm,  as  decreasing  winds ;  henci 
the  most  dangerous  part  of  a  hurricane 
the  right  hand  semicircle,  or  about  the  1 
ern  hemisphere,  the  dangerous  limit,  D '. 
of  the  left  hand  semicircle. 

The  effect  of  the  rotary  movement  of  the  hurricane  is  to  accumulate 
the  air  around  its  outer  margin,  with  a  pressure  increasing  aa  it  recedes 
from  the  centre ;  consequently,  the  barometer  is  lowest  at  the  middle 
of  a  storm,  and  highest  at  its  extremity.  The  barometi 
before  ard  during  a  hurricane,  rising  and  falling  rapidly,  c 


db,  Google 


METEOROLOGH.  6i9 

icequality  of  the  pressure  which  causes  tiie  atorm;  bo  that; — fSreal 
barometric  oseitlalions  generalli/  announce  the  approach  of  a  tempest. 

By  careful  observation  of  the  barometer,  the  mariner  anticipates  the 
approach  of  a  hurricane,  or  other  dangerous  atorm.  So,  also,  hy  care- 
ful attention  to  the  course  of  the  winds,  and  the  sailing  direotiona, 
based  on  the  researches  of  Itedfield,  Reid,  and  Maury,  he  knows  how 
to  sail  out  of  the  track  of  a  hurricane  after  it  has  commenced. 

969.  Tornadoes  or  whirlwinds  are  distinguished  from  hurricai  ea, 
and  continuance.  They  are  rarely  more  than  a 
breadth,  and  their  whole  track  is  seldom  more 
i  in  length.  The  continuance  of  tornadoes  is  but 
)ne  place.  They  are  oftentimes  of  great  energy, 
ng  buildings,  and  destroying  ci 


chiefly  in  their  extei 
few  hundred  rods  ii 
than  twenty-five  mil 
a  few  seconds  at  an] 
uprooting  trees,  ovei 

970.  'Water-apoutB  differ  from  whirlwinds  in  no  other  respect  than 
that  water,  or  vapor  of  water,  is  subjected  to  tbeir  action,  instead  of 
bodies  upon  the  surface  of  the  land. 
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If  the  atmosphere  is  imt  moist,  there  is  no  condensation  of  Taper,  and  the  only 
noticeable  phenomenon  is  the  violence  of  the  wind  and  its  rotatory  motion. 

971.  General  laws  of  Btotms. — GreaCstorms,  in  temperate  climates, 
are  governed  bj  general  laws,  preBcnting  more  or  less  analogy  to  the 
movements  of  hurricanes.  Aa  a  general  thing,  the  great  storms  -which 
pass  07er  North  America  have  no  connection  with  the  Etorms  of  Europe ; 
and  the  storms  of  botli  continents  are  modified  in  their  course  and 
general  phenomena  by  the  configuration  and  elevation  of  the  land. 

Great  storms  of  rain  and  snow,  and  also  lesser  storms,  which  prevail 
in  the  United  States  from  November  to  March,  are  governed  by 'tie 
following  general  laws,  which  have  been  condensed  from  the  researches 
jf  Professors  Espy  (Reports  to  United  States  Senate),  and  Loomis 
(Smithsonian  Contributions,  18G0), 

1.  Storms  travel  from  the  region  of  the  Mississippi  eastward  as  far 
as  the  Gulf  of  St.  Lawrence,  and  disappear  in  the  Atlantic  Ocean. 

2.  They  are  accompanied  with  a  depression  of  the  barometer,  often 
aaiounting  to  an  inch  or  more  below  the  mean  height,  along  a  line  of 
great  estent  from  nortli  to  south,  the  line  being  curved  with  its  convexity 
eastward.  In  the  front  and  rear  of  the  storm,  there  is  a  rise  of  the 
barometer,  which,  in  some  places,  is  more  than  an  inch  above  the  mean. 

3.  Great  storms  travel  from  the  Missiasippi  to  the  Connecticut  River 
in  twenty-four  hours ;  and  from  the  Connecticut  to  Newfoundland  in 
nearly  the  same  time,  or  about  thirty-six  miles  an  hour ;  though  some- 
times they  appear  to  remain  nearly  stationary  for  four  or  five  days. 

4.  The  area  covered  by  a  storm  is  nearly  circular,  oftan  of  great 
extent;  frequently  1000  miles  from  east  to  west,  and  2000  or  3000 
miles  from  north  to  south. 

5.  For  several  hundred  miles,  on  each  side  of  the  centre  of  a  violent 
storm,  the  wind  inclines  inwards  towards  the  area  of  least  pressure, 
and,  at  the  same  time,  it  circulates  around  the  centre  in  a  direction 
contrary  to  the  motion  of  the  hands  of  a  watch.     Compare  1 968. 

6.  On  the  borders  of  the  storm,  near  the  line  of  maximum  pressure, 
the  wind  has  but  little  force,  and  tends  outwards  from  the  line  of  greats 
est  pressure. 

7.  The  wind  uniformly  tends  from  an  area  of  high  barometer  toward* 
on  area  of  low  barometer. 

8.  In  the  northern  parts  of  the  United  States,  the  wind  generally,  in 
great  storms,  sets  in  from  the  north  of  east,  and  terminates  from  the 
north  of  west ;  and  in  the  southern  states,  the  wind  generally  sets  in 
from  the  south  of  east,  and  terminates  from  the  south  of  west. 

9.  During  the  passage  of  storms,  the  wind  generally  veers  from  the 
>aatward  around  by  the  south,  and  then  towards  the  west. 
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10,  In  a  great  storm,  the  area  of  high  thermometer  frequently  does 
nut  coincide  with  the  area  of  low  barometer,  or  with  the  centre  of  rain 
and  snow.  But  in  the  United  States,  on  the  north-east  side  of  a  storm, 
at  a  distance  of  500  mileg  from  tlie  area  of  rain  and  snow,  the  tlior- 
mometer  sometimes  rises  as  much  as  twenty  degrees  aboie  ita  nicitn 
height. 

11.  In  Europe,  storms  are  often  modified  and  controlled  by  the  Alps 
of  Switzerland,  which  appear,  for  days  together,  to  serve  as  the  centre 
of  great  storms. 

Fur  the  oonneotion  of  barometric  obanges  with  changes  of  weather,  see  aac- 
tioD  271;  and  for  fuller  disoassions  of  tbo  theory  and  laws  of  storms,  see  the 
works  already  referred  to  above,  and  also  §|  94G,  9es, 

g  3.   Aqueous  Phenomena. 

972.  Humidity  of  the  air. — Vapor  of  water  is  always  contained  in 
the  air.  This  may  be  demonstrated  by  placing  a  vessel  filled  with  ice 
or  a  freezing  mixture  in  the  atmosphere ;  in  a  little  time  the  vapor 
from  the  air  will  bo  condensed  on  the  walls  of  the  vessel,  in  the  form 
of  minute  drops  of  water. 

vapor  of  water  as  it  is  capable  of  holding  up  at  a  given  temperature.     Thnt  tbs 
copacity  for  moiatnfO  b  greater  as  the  tamporature  increases,  is  shown  in  the 


A  body  of  ail 

■  r.an  absorb 

At    32" 

""  ''^^  ^£o[h  ''^'^  ' 

>f  its  owu  weight  of  watery  vapor. 

"      88° 

"  113= 

"      "      2(Hh 

It  will  be  not 

iced  that  for  every 

27°  of  teaperatore  above  32=,  the 

capacity 

f  air  for  moist 

>m  this  it  follows,  that,  while  the 

tempera- 

jre  of  the  air  . 

advances  in  an  atithmeljcal  series,  its  capacity  for  m 

Table  XXI,,  Appendix,  shows  the  weight  of  aqueous  vapor  in  a  cubic 
foot  of  saturated  air,  at  temperatures  from  0°  to  100"  F. 

Absolute  humidity, — relative  humidity. — The  term  absolute 
humidity  of  the  air  has  reference  to  the  quantity  of  moisture  contained 
in  a  given  volume.  Relative  humidity  refers  to  the  dampness,  or  its 
proximity  to  saturation  with  aqueous  vapor. 

The  ahaolnW  humidity  is  greatflst  In  the  equinoctial  regions,  and  diminishes 
towards  either  pole ;  it  diminishes,  also,  with  the  altitude,  but  the  true  ratio  is 
not  ftilly  known.  The  absolute  humidity  is  also  greater  on  coasts  than  inland, 
in  EDmmer  than  in  winter,  and  less  in  the  morning  Chan  about  midday, 

Belacive  humidity  is  dependent  upon  the  mutual  inBuetice  of  absolute  humidity 
and  temperature,  Tb'.  atmosphere  is  considered  dry  when  water  rapidly  evapo- 
rates, or  a  wet  substance  quickly  dries.  Tne  expressions  wet  and  dry  convey 
Eimply  an  idea  of  the  relative  humidity  of  the  atmosphere,  and  have  no  refer- 
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Saussure's  hysiometer  depends  upon  the  elongation  and  contrac- 
tion of  a  hair  bj  increase  or  diminution  of  relative  humidity ;  but  such 
instrumenta  afford  do  means  of  accurate  comparison. 

Daniell's  hygrometer  depends  upon  the  condensation  of  re 
by  means  of  artificial  cold. 

It  consists  of  a  glnsa  tube,  bent  twice  at  right  aoglea,  baTing  a  bnlb  al 
astremity.  The  bulb,  A,  fig,  716,  is  partly  lillod  with  etter,  into  which  is  ii 
the  ball  of  a  delicate  tbermometer  en  lo  od  in  the  719 

stem  of  the  instrument.  The  tube  is  filled  with  tl 
Tapor  of  ether,  lie  air  having  been  driven  out  Tt 
bnlb,  B,  is  covered  with  fine  muslin  Upon  the  au] 
porting  pillar,  a  second  therTuoa 


e  the  dew 


f  hyt,rn 


drops  of  ether  ore  allowed  to  fall  ufon  the  mu  lin 
covered  balb,  evaporation  of  the  ether  takes  pla^e 
the  bulb  13  cooled,  and  condenses  the  ethereal  vapor 
within.  In  consequence  of  this  effect  the  ether  in 
A  evaporates,  causing  a  reduction  of  temperature 
indloated  by  the  internal  thermometer.  At  a  certain 
point,  the  alioospherlo  moisture  begins  to  form  in  a 
A.  The  difference  at  this  moment  between  the  de 
thermometers,  denotes  the  relative  humidity  ol  the 
Bir,  the  greater  is  thia  difference. 

AnguBt'B  pBychrometer  or  hygrometer  of  evaporation  depends 
for  its  action  upon  the  rapidity  of  evaporation  in  the  open  air.  It  con- 
sistB  of  two  similar  thermometers,  ti',  placed  side  by  side,  fig,  717, 
supported  on  a  frame.  The  bulb  of  ('  is  covered  with  fine  muslin,  the 
lower  end  of  which  dips  into  a  small  vessel,  e.  like  a  bird-glass,  con- 
taining water ;  by  thia  arrangement,  the  bulb  is  kept  continually  moist. 
Evaporation  takes  place  trom  the  moistened  bulb,  with  a  rapidity  vary- 
ing with  the  humidity  of  the  atmosphere,  and  a  corresponding  depressiou 
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in  the  temperature  of  the  thermometer  is  prodaocd.  The  lij^rometrio 
Btat«  of  the  atmosphere  ia  determined  from  the  ohserved  diffeienue  in  the 
two  thermometers  by  the  use  of  tables  prepared  for  the  purpose.  {Meteo- 
rological and  Pky»ical  Tables  Smithsonian  Collectun  )  jj7 

This  is  a  very  u>u\enieDt  instrument  h>  determine  the 
condition  of  the  air  in  dweliings  heated  by  different 
methods.  Observations  with  this  instrument  shnw  how 
much  our  comfirt  and  heilth  depend  upon  preseriing 
the  proper  state  of  humidity  or  drjne??  in  our  dwellings 
or  in  the  sick-room. 

974.  Fogs,  or  mists,  are  visible  yapora  that  float  in 
the  atmosphere,  near  the  surface  of  the  earth.  Fogs  are 
produced  by  the  union  of  a  body  of  cool  air  with  one  that 
is  warmer  and  humid.  Many  philosophers,  as  Saussnre 
and  Krationstein,  consider  that  the  globules  or  vesicles  of 
which  a  fog  is  composed,  are  hollow,  the  water  serving  only 
&a  an  envelope ;  it  is  probable  this  is  true,  in  some  cases ; 
there  are  probably  also  mised  with  the  vesicles  many  mi- 
nute drops  containing  no  free  air.  According  to  Kaemtz, 
the  overage  diameter  of  fog  globules  does  not  esceed 
rtVff  "f  '^^  inch.  Maille,  of  Paris,  has  computed  that  it 
would  require  200,000,000  fog  globules  to  make  a  drop 
of  rain  -^  of  an  inch  in  diameter. 

975.  DevT  ia  the  moisture  of  the  air  condensed  by 
coming  in  contact  with  bodies  cooler  than  itself.  The  temperature 
at  which  this  deposition  of  moisture  commences,  is  called  the  dew 
point  (674).  The  dew  point  varies  according  ta  the  hygrometrio  state 
of  the  atmosphere  ;  being  nearer  the  temperature  of  the  air,  the  more 
completely  the  air  is  saturated  with  moisture.  In  this  climate,  in  sum- 
mer, the  dew  point  ia  often  30°  or  more  below  the  temperature  of  the 
atmosphere.     In  India,  it  has  been  known  to  he  as  much  as  61°. 

Cause  of  dew,— Dr.  Wells,  of  London  (bom  in  South  Carolina), 
determined,  by  his  researches,  the  cause  of  dew.  It  may  be  given 
briefly  as  follows ; — During  the  day,  the  surface  of  the  earth  becomes 
heated  by  the  sun,  and  the  air  ia  warmed  by  it.  When  the  sun  goes 
down,  the  earth  continues  to  radiate  heat  without  receiving  any  in 
return,  and  thus  its  temperature  diminishes.  The  air  loses  its  heal 
more  slowly,  and  ia  cooled  only  when  it  comes  in  contact  with  the 
cooler  earth.  If  this  cooling  reachea  the  Jew  point  of  the  air,  moisture 
ia  condensed  in  the  form  of  small  drops  upon  cold  objects  (good  radia- 
tors), as  the  soil  or  vegetation. 

ClicumstanoeB    influencing    the    production    of    dew.— The 
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amount  of  iew  deposited  in  a  given  time  depends  upon  the  humidity, 
tranquilitj,  nnd  serenity  i,i  the  air.  Since  dew  is  the  moisture  of  tha 
atmosphere  condensed,  it  is  evident  it  must  be  affected  by  the  amount 
the  air  contains.  On  a,  windy  night,  the  air  in  contact  with  cold  objects 
is  so  quickly  changed,  that  it  is  not  cooled  down  to  the  dew  poiiii ,  but 
gentle  agitation  of  the  air  favors  the  production  of  dew,  bringing  more 
moist  air  to  furnish  dew  to  cold  objeotB.  The  moat  copious  deposits  of 
dew  take  place  on  cool,  clear  nights.  For,  when  there  are  clouds,  these 
radiate  back  the  heat  which  has  escaped  from  the  earth,  and  thus  pre- 
vent ita  cooling,  and  therefore  no  dew  is  deposited.  If  the  clouds  sepa- 
rate only  for  a  short  time,  dew  is  rapidly  deposited. 

Straw,  mats,  boards,  &a.,  used  by  gardeners  to  protect  delicate  plants 
from  freezing,  act  in  the  same  manner  as  clouds,  to  prevent  the  deposit 
of  dew  or  frost.     See  Fig.  718. 

976.  SabstaDces  upon  which  dew  falls. — Dew  does  not  fall  upon 
all  substances  alike ;  in  consequence  of  differences  in  radiating  ana 
conducting  power,  certain  substances  cool  quicker  and  more  perfectly 
than  othew.  The  dusty  road,  the  rocks,  and  barren  soil,  coo!  slowly, 
receiving  heat  from  the  earth  by  conduction,  and  therefore  on  them  but 
little  dew  falls.  Trees,  shrubs,  grasses,  and  vegetation  of  every  kind, 
radiate  heat  easily,  and,  on  account  of  their  peculiar  structure,  they 
receive  bat  little  boat  from  the  earth,  or  other  objects,  by  conduction ; 
hence  they  become  rapidly  cooled,  and  abundance  of  dew  is  deposited 
upon  them, 

977.  Frost  is  frozen  dew.  When  the  temperature  of  the  earth  sinks 
in  the  night  to  the  freezing  point,  the  aqueous  vapor  then  deposited 
congeals  in  the  form  of  sparkling  crystala,  known  as  hoarfrost.  Fig. 
718,  from  Stoeckhardt,  in  which  the  arrows  indicate  the  movements  of 


heat,  and  the  numerals  the  temperature  of  the  air.  will  render  the  phe- 
nomena of  dew  and  frost  more  intelligible. 

The  sun's  toys  in  winter,  may,  in  the  day,  warm  the  soil  to  53°,  as 
la  the  figure,  while  the  «r  above  the  ground  is  50°.     At  night,  the  ra- 
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diation  into  a  cloudless  sky,  will  reduce  the  temperature  of  the  ground 
to  43",  or  even  33°,  while  the  air  above  the  same  points  is  46°  or  39°. 
But  a  cloud  resting  above  tlie  earth  prevents  radiation,  and  reflectH  tie 
heat  back  to  the  earth.  So  dew  or  frost  will  be  deposited  on  the  upper 
surface  of  a  platform  when  radiation  takes  place  freely,  while  boards, 
like  the  cloud,  reflect  back  the  heat  coming  from  the  ground. 

978.  Cloada  are  masses  of  vapor  that  float  in  the  upper  regions  of 
the  atmosphere.  They  are  distinguished  from  fogs  only  by  their  alti- 
tude ;  they  always  result  from  the  partial  condensation  of  the  vapors 
that  rise  from  the  earth.  As  clouds  often  float  in  regions  whose  tem- 
perature is  many  degrees  below  the  freezing  point,  they  are  sometimes, 
no  doubt,  composed  of  froion  particles. 

Clouds  being  condensed  moisture,  are  heavier  than  the  air,  and  have  a  tan- 
denoy  to  fall  lo  the  earth.    Tbey  are  kept  suspended  it 


oucrenW  during  the  day,  the  warmo 

r  air  dissolving 

the  cloud  as  fast  as  it  falls 

Into  it.     Such  clouds  are  more  ele' 

fated  at  midds 

they  descend  towatda  the  earth  at  e' 

faning. 

2.  Horiiontal  onrrents  also  opposi 

s  the  fell  of  olo 

uda.     The  minnle  veaioloa  or 

globules,  whichever  they  may  ba,  ar 

e  carried  forwa 

rd  and  dissolved  hy  the  drier 

air  on  the  adyoncing  side  of  the  oloi 

ad,  whUe  on  tbi 

;  nindnard  side  of  the  clund, 

vapor  is  constantly  precipitated. 

3.  The  resistance  of  the  air  oppos 

es  tlie  rapid  de^ 

icent  of  clouds.     This  reaist- 

anoe  is  in  the  inverse  proportion   to 

s  of  the  particles.     For  this 

o  descend  e 

hundred  feet.  If,  aa  many  writers  suppoao,  the  water  of  clouds  exists  in  the 
form  of  minute  veaicles  containing  air,  the  cipansion  of  the  enclosed  air  by 
heat  would  at  once  account  for  tbe  buoyancy  of  clouds ;  for  they  would  float  like 
balloons  in  air  of  their  own  aggregate  density,  and  every  increase  of  beat  would 

979.  Classification  of  clouds, — Clouds  are  generally  divided  into 
four  great  classes,  viz. ;  the  nimbua,  the  cumulus,  the  slraltis,  and  the 
cirrus,  as  shown  in  tbe  diagram,  fig.  719. 

Intfltmediate  forms  of  clouds  are  distinguished  by  the  names  of  cirro- 
straitis,  cirro-cumulus,  and  eamnio  iitaius 

The  ctn-Hi  (cirrus,  rarl)  usually  resembles  a  disheveled  UlIi  of  hair  being 
composed  of  streaks  or  featherj   filaments    assuming  every  variety  of  figure 

composed  of  snow-flakes.     It  is  among  the  cirri  that  halos  and  parhelia  are 
formed. 
The  eum.rlin  (cumulus,  htop)  appears  often  in  the  form  of  a  hemiaphero. 
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arkftble  for  its  length  aud  thithne! 
rov  baadi  at  otber  times,  aa  com) 
□r.  Cumuli,  beaped  together,  p> 
cb  consists  of  a,  horizontal  slrali 
LulL     Tbssa  ofteD  assume,  at  the 


The  nimbui,  or  rain-cloud  (uimbua,  »!orm).     This 
like  form ;  it  is  distiuguished  from  others  by  its  aaiform  gra;  or  blackish  tiul, 
uid  its  edges  fringed  with  light. 

980.  Bain  is  the  vapor  of  clouds,  or  of  tlie  lur,  precipitated  to  the 
earth  in  drops.  Rain  is  generally  pradueed  bj  the  rapid  union  of  two 
or  more  Tolumes  of  humid  air,  differing  considerably  in  temperature ; 
the  several  portions,  when  mingled,  being  incapable  of  absorbing  the 
same  amount  of  moisture  that  each  would  retain  if  thej  had  not  united. 
If  the  excess  is  great,  it  falls  as  rain  ;  if  it  is  of  slight  amount,  it 
appears  as  cloud.  The  production  of  rain  is  the  result  of  the  law,  that 
the  capacity  of  air  for  moisture  decreases  in  a  higher  ratio  than  the 
temperature 

Bain-gaugfS — Instrumental  for  determining  the  ijiiantity  of  rain,  are 
called  rain-gauges,  ombiomeUrs,  kyciomeiers,  &a.  I'hcjr  are  of  very 
various  construct!  n 

Ooo  of  the  s  mplest  ram  gauges  consists  of  a  eylindrieo.!  copper  vessel,  fur- 
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)f  the  Boat  is  accura,toty  gTa,dualfld,  so  that  an  increase  in  the  depth  of  the  i 
}f  one  Due- hundredth  uf  ild  Ini^h,  is  easily  measurtjd 
Another  rain-gauge,  a  section  of  which  ia  represented  in  fig  ?20   ccn-is 


a  cylindrical  copper  vessel,  M,  elosed  hy  acovet,  E,  shaped 

720 

like  a  funnel,  with  an   aperture  in  the  centre,  through 

which  the  water  passes  into  the  interior.     This  oover  pre        ' 

vents  loss  by  eiBporation.     A  lateral  gloss  tube,  A,  care        ' 

fnlly  graduated,  rises  from  the  baac  of  the  reasel      The 

water  rises  in  the  tube  to  the  same  height  as  in  the  copper 

cylinder.    If  the  apparatus  has  been  placed  in  an  exposed 

(ilualiod,  for  B  oertain  time,  as  a  month,  iind  the  gauge 

shi>ws  three  inches  of  water,  this  indicates  that  the  rain 

that  has  fallen  during  the  interval  wonld  cover  the  earth 

From  >,  series  of  eiperiments  made  at  the  Smithsonian  ,^ 

ned  for 


that  a  small  cylindrical  gauge,  ot  2  inches  in  diameter,  and  about  six  tuehes  In 
length,  connected  with  a  tube  of  half  the  diameter,  to  retun  and  measure  the 
water,  gives  the  most  accurate  results.     In  still  weather,  it  indicates  the  same 

more  rain ;  fur,  on  accouat  of  its  small  size,  the  force  of  the  eddy  which  is  pro- 
duced, is  much  less  in  proportion  to  tho  drops  of  water.  This  gauge  may  bs 
still  further  improved  by  cutting  a  hole  of  the  aiie  of  tho  cylinder,  in  a  circu- 
lar plate  of  tin,  of  4  or  5  inches  in  diameter,  and  soldering  this  to  the  cylinder 
like  the  rim  of  an  inverted  hat,  three  or  four  inches  below  the  orifice  of  tho 
gauge. 

981.  Distribution  of  rain. — Rain  is  not  equally  distributed  over 
the  surface  of  the  earth.  As  a  general  rule,  it  maj  be  atated  that,  tho 
higher  the  average  temperature  of  a  country,  tlie  greater  will  he  Uie 
amount  of  rain  that  falls  upon  it.  Local  causes,  however,  produce 
remarkable  departures  from  this  rule. 

In  the  tropics,  the  average  yearly  rain  fall  is  ninety-fire  inches ;  in  the  tempe- 
rate zone  it  is  thirty-five  inches.     Within  the  tropics,  the  greatest  quantity  of 

our  summer.     North  of  the  tripic"  it  rains  m  re  jbun  lanlly  in  w  ntar 

for  sii  months,  called  the  rainy  season      During   the  remainc=or  of  the  year 

Along  the  coast  of  Pern,  is  a  hug  trip  of  land  upon  which  no  ran  ever 
descends.  A  similar  destitution  if  rain  occurs  on  the  coast  of  Mr  ca  and 
come  parts  of  North  America  the  intetials  between  the  showers  be  ng  iii  or 
seven  years. 

In  IJ-Diana  it  rains  during  a  great  part  f  the  year  thi<  is  also  the  case 
according  to  Davison,  at  the  Straits  uf  Magellan  In  the  Island  of  Chil  e  S 
laL  4S°),  there  is  a  proverbial  aying  tha  it  ri  ns  aiY  lays  f  the  week  and  is 
cloudy  on  the  seventh. 

982.  Days  of  rain.^Tbe  rainy  days  are  more  numernua  in  high 
than  in  low  latitudes,  as  is  seen  in  the  following  tahle,  althoutjh  the 

68 
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annual  amount  of  rain  which  falls  is  smaller.  Consequently,  tho  orcll- 
aarj  raina  of  the  tropical  regions  are  more  powerful  than  those  of  tho 
temperate  region  a. 


In  the  northern  part  of  the  United  States  there  are,  on  the  avftrage 
about  134  rainy  days  in  the  year;  in  the  southern  part,  about  103. 

983.  Annual  depth  of  rain. — The  greatest  annual  depth  of  mio 
occurs  at  San  Luis,  Maranham,  280  inches ;  the  nest  in  order  are  Veni 
Cruz,  2T8 ;  Grenada,  126 ;  Capo  Frangois,  120 ;  Calcutta,  81 ;  Rome, 
39 ;  London,  25  ;  Uttenberg,  12*5.  In  our  country,  the  annual  average 
fell  is  39-23  inohea ;  at  Hanover,  N.  H.,  38 ;  New  York  State,  36 ;  Ohio, 
42  ;  Missouri,  38-265, 

984,  Sno^T  is  the  frozen  moisture  that  descends  from  the  atmosphere, 
when  the  temperature  of  the  air  at  the  aurfnce  of  tho  earth  is  near,  or 
below,  the  freezing  point.  The  largest  flakes  of  snow  are  produced 
when  the  atraoaphere  ia  loaded  with  moisture,  and  the  temperature  of 
the  air  is  aboat  32° ;  as  the  cold  increaaes,  the  flakes  become  smaller. 


The  bnik  of  receatl;  fallen  snow  is  kd  or 

enumerftted  elx  hundred  forms,  and  figun 

twenty  forma  not  figured  bj  Seoniaby.    Crjs-  B 
tals  of  snow  ara  not  solid,  else  thej  would  bo 

to  the  reflection  of  light  from  the  assem- 
blage of  crystals,  that  its  brilliant  »hil«ness 
is  due.     Snow   crystals   are   produced  with  ■ 

fog-    Fig.  721  represents  a  few  of  the  beantifal  forms  asaumtd  by  snow  uryslals, 
985.  Colored  snow  is  mentioned  by  Pliny.     It  occurs  under  t\ 

very  different  circumstances,— either  while  the  snow  is  falling,  or  sor 

time  after  its  descent. 

In  180.?,  rose-colored  snow  foil  in  the  Tyrol  and  in  Carinthia.     Ila  color  w 

awing  tc  an  earthy  powder,  composed  of  iron,  silex,  and  alamiua.     Of  a  simil 
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»pp6ilted  of  a  Brocn  hue,  wbenover  pressed  upon  by  the  foot.  Agassii  rogatda 
these  colors  as  animal  produi^ts,  believing  them  to  bs  the  ova  of  a  rotiferous 
animBlcule.  The  more  common  belief  is,  that  [generally,  at  least)  these  hues 
are  owing  to  the  presenoe  of  a  certain  class  of  microscopic  plants,  the  different 

986.  Hail  is  the  moisture  of  the  a,tr  frozen  into  globulea  of  ice. 
Hail-stonea  are  generally  pcar-sliaped ;  they  are  formed  of  alternate 
layers  of  ice  and  snow,  arovind  a  white,  snowy  nucleus.  It  is  neoe?=ary 
for  the  production  of  hail,  that  a  warm,  humid  body  of  air,  mingle 
with  another  so  extremely  cold,  that,  after  uniting,  the  temperature 
shall  be  below  the  freezing  point.  The  difficulty  of  explaining  the 
phenomena  of  hail'Stornts,  consists  in  accoaating  for  this  great  degree 
of  cold. 

Ilail-slorme  are  most  fteqnent  in  temperate  climates.  They  rarely  occur  in 
tbc  tropics,  except  Dear  high  mountains,  whose  summits  are  above  the  snow- 
line. It  is  in  great  part  during  tbe  summer,  and  in  the  hottest  part  of  the  day, 
that  hail  falls.  Hail-storms  rarely  occur  at  night.  Hail-alonea  are  often  of 
oongiderable  she;  the  largest  are  frequently  an  aggregation  of  several  frozen 
together.  SIcet  is  froaen  rnini  it  oocnrs  only  in  cold  weather,-  it  falls  only 
during  gales,  and  when  the  weather  is  variable. 

I  4,    Electrical  Phenomena. 

987.  Free  electricity  of  air. — The  general  laws  of  atmospherio 
electricity  have  been  considered  in  a  previous  paraj^pb  (86L). 

It  is  common  to  refer  the  free  atmospherio  electricity  to  several 
causes,  always  at  work  on  the  earth's  surface,  as,  1.  Evaporation, 
especially  of  impure  water;  2.  Condensation;  3.  Vegetation  {945), 
4.  Combustion ;  and,  5.  Friction  ;  without  doubt  these  are  all  causes 
of  electrical  excitement  in  the  air.  But  far  more  important  than  them 
all  is  the  powerful  inductive  influence  of  the  negatively  excited  earth 
upon  its  gaseous  envelope.  The  dense  air  near  the  earth's  surface 
is  like  the  dielectric  of  the  .^pinus  condenser,  and  the  constant  pre 
sence  of  positive  electricity  in  tbe  air  is  a  fact  not  explicable  on  any 
other  hypothesis  than  that  of  induction  from  the  negative  earth. 

In  addition  to  the  laws  already  announced  in  |  861,  may  be  added 
the  fact  that  atmospherio  electricity  is  more  abundant  in  summer  than 

99S.  7hunder-stoiiils  are  most  frequent  and  violent  in  tbe  equato- 
rial regions.  They  decrease  in  frequency  towards  either  pole,  and  are 
more  frequent  in  the  summer  than  in  the  winter  months,  and  after  mid- 
day than  in  the  morning.  They  are  produced  in  the  same  manner  as 
ordinary  storms ;  but  they  difier  from  them  in  their  local  character, 


db,  Google 
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tlie  accumulation  of  electricity. 
Thunder-sMrms  are  usnoli;  attended  by  ai 


ition  in  tliB  direction  of  ths 
Of  one  hundred  nnd  sixteen  tb  under -storms  recorded  in  the  Moteorolo- 
gica!  Register  of  the  Connecticut  Academy,  ninety-nine  were  either  preceded  or 
followed  by  an  alteration  in  tbe  direction  of  the  wind. 

Thunder-storms  generally  prevail  in  the  lower  re^ons  of  the  atnio- 
Bphere.  They  are,  however,  not  unfrequently  observed  at  great  eleva- 
tions. Kaemtz  notices  one  on  the  mountains  of  Switzerland  ■which 
rose  to  the  height  of  more  than  10,000  feet. 

The  geographical  distribution  of  thunder-storms  has  been  lately 
y  Prof.  Loomis  {Am.  Jour.  Sci.  [2]  XXX.  94),  whose  results 
general  statement  already  made  with  reference  to  latitude, 
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■ain  charts,  however,  show  that  the  frequency 
other  circumstances  than  simply  latitude,  since 
half  of  the  Atlantic  Ocean  lightning  is  three 
:r  the  eastern  half  of  that  ocean,  and  two  and  a 
n  the  North  Atlantic  aa  in  the  South  Atlantic. 
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one  side,  in  a  balloon,  oonErms  this  view.  (Consult  Piufessor  Henry  a 
paper  on  Meteorology,  in  the  Report  of  the  Patent  Office  for  1859, 
AgriculluTe.) 

989.  Thunder. — As  lightning  passes  through  the  air  with  amazing 
Telocity,  it  violently  displaces  it,  leaving  void  a  space  into  which  the  air 
tushes  with  a  loud  report;  this  is  ihnnder. 
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990,  Lightning. — It  has  already  been  stated,  that  air  subjected  to 
i.iinpression  emits  a  epark.  The  production  of  lightning  is  by  soiTie 
attributed  t«  the  cnergotio  condensation  of  the  atmosphere  before  the 
electric  fluid,  in  its  rapid  progress  from  point  to  point.  When  lightning 
is  emitted  near  the  earth,  the  flashes  are  of  a  brilliant  white  color ;  when 
the  storin  is  higher,  and  therefore  in  a  rarefied  atmosphere,  their  color 
approaches  to  violet.  Clouds  appear  to  collect  and  retain  electricity. 
When  a  cloud  overcharged  with  eleetrioity  approaches  another  less 
charged,  the  electric  fluid  rushes  from  the  former  to  the  latter.  In  the 
same  manner  the  electric  fluid  may  pass  from  the  clouds  to  the  earth. 
In  such  cases,  elevnted  objects,  as  trees,  high  buildings,  church  steeples, 
&o.,  often  govern  its  direction.  It  is  unnecessary  to  dwell  upon  the 
powerful  and  destructive  efiects  of  lightning. 

991.  Classes  of  lightning. — Lightning  has  been  divided  by  Arago 
into  three  classes,  viz. :  zigzag  or  chain  lightning,  sheet  lightning,  and 
ball  lightning.  Wemayaddheatlightningandvoloanic  lightning.  Thia 
classification  is  convenient,  and  is  universally  adopted. 

Zigzag  or  chain  lightning  is  supposed  to  owe  its  form  to  the  reaiatanoa 
of  the  air  compressed  before  it.     The  lightning  takes  the  path  ot  lea«e  resist- 
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Volcanio  lightning,— The  clouds  of  duat,  »sho3,  and  rapor,  tilt  issue 
from  active  roleaaoes,  ara  often  the  scene  of  teiriflc  lightning  and  thnndcr. 
Voloanio  lightning  ia  prubabl  J  oausad  by  rapid  condonaation  of  the  vast  Tolnmei 
of  heated  vapor  thrown  into  the  air. 

The  rapidity  of  light  f  th    fi    t  two  clisses  i%  probably  not  lesa 

than  two  hundred  a  d  fifty  th  d  roilei  per  second      Arago  haa 

demonatrnted  that  th  d  t  f  a  fl  oh  of  lightning  doe'  not  exceed 
the  millionth  part  of  a  d      Th    waving  trepa  illumimted  at  night 

by  a  single  flash  of  I  ght  g  d  g  a  st  rm  appear  motiouleaa ,  the 
duration  of  the  flash  h    t  tl    t   during  its  continuance,  the  treca 

have  not  sensibly  moved. 

992.  Retnrn  stroke. — When  a  highly  chtrged  thunder  cloud  ap- 
proaches the  earth,  it  induces  the  opp)*<ite  kind  of  eleLtrmty  upon  the 
ground  below,  and  repels  that  of  the  same  kin  i  If  tho  cloud  is 
extended,  and  conies  within  striking  distance  of  the  earth,  or  of 
another  cloud,  a  flash  at  one  extremity  is  often  followed  by  j.  flash 
at  the  other.  This  latter  is  called  the  return  stroke  and  sometimes 
is    f        hi  to  p      e  fatal   even  at  i  distance  of  several  miles 

fr       tl     p      t    f  th    ii    t  d    charge 

P9  L  gh  n  ng  ods  w  e  first  introduced  by  Dr  Franklin  Ha 
w         d       d  t  m         \  their  adoption  as  a  means  of  protection  to 

bu  Id  g'  f  m  th  ff  t  f  lightning  by  observing  that  electricity 
00  Id  b  q  tly  d  d  lly  withdrawn  from  tin  excited  surfaie  by 
m  f  a  g    d        d     t       pointed  at  ita  extremity  (82()) 

Lightning-rods  are  ordinarily  made  t  wrought  iron  but  copper  la  prefera- 
ble, being  a  better  conductor  of  electricity,  and  lea?  eaaily  corroded  The  sua 
of  the  rod,  if  of  iron,  should  not  ba  le's  than  three  quarter  inch  ta  diameter 
The  upper  eitremity  of  the  rod  should  be  pc  mtod  Tbree  point''  le  tbe  usual 
numbor  used  in  the  United  States  but  one  la  aufScient  The  points  should  he 
tipped  with  silver,  gold,  or  platinum  or  opper  gilded  bv  electricity  thesa 
mctala  being  unaffected  by  tbo  air,  which  would  corrode  the  copper  or  iron  and 
render  them  poorer  conductaTs.  The  rod  should  be  coutiQUOun  from  lop  to 
bottom,  and  saonrely  faatcned  to  the  building.  Glass  or  wooden  insulators  are 
often  recommended,  but  when  onoe  wet  by  a  shower,  there  ia  but  little  advantaga 
in  them  over  metallic  supports.  When  there  are  eurfecea  of  metal  about  the 
building,  as  gutters,  pipes,  &<:.,  these  should  be  connected  with  tbe  conductor  by 
stripe  of  metal,  a^  first  leeommcndcd  by  Prof.  Henry.  The  lower  part  of  the 
rod,  where  it  enters  the  ground,  should  be  divided  into  two  or  three  branches, 
and  bent  away  from  the  building,  penetrating  so  far  below  the  surface  of  the 
earth  as  to  reach  water,  or  permanently  moist  eoil.  Charcoal  is  recommended 
to  fill  the  hole  in  the  centre  as  a  means  of  effecting  a  tetter  conduction.  In  a 
iborch,  in  New  Haven,  the  lightning  has  twice  penelrafod  a  twenty  inch  brick 
wall  at  a  point  opposite  a  gas.pipe,  20  feet  above  tbe  eartb,  through  which  the 
discharge  haa  escaped  to  the  earth,  although  the  condnctor  of  tbree-quarler  inch 

that  of  tho  gas -pipe. 
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Pioiective  po-wer. — ^Acoording  to  Mr.  Charles,  a  lighfning-rod  pro- 
tects a  spape  around  it,  whoso  radius  is  equal  to  twice  ita  height  above 
the  building.  Thus,  if  a  conductor  eitend  ten  feet  above  the  house,  it 
affords  protection  to  a  circular  space  fortj  feet  in  diameter,  the  rod 
being  in  the  centre. 

Conductors  do  not  attract  the  lightning  toward  the  building  upon  whioh  ttey 
■re  placed.  They  simply  direct  the  course  and  facilitale  the  paisage  of  the 
electricity  to  the  earth,  which  otherwise  might  have  been  efieeted  in  a  powerful 
and  destrnctive  discharge  through  the  building.  It  is  indeed  considered  by 
Arago,  that  "lightning-rods  not  only  render  strokes  of  lightning  inoffensive, 
but  considerably  diminish  the  chance  of  their  being  atruck  at  all." 

99-1  Aurora  borealifl  — Undpr  this  name  are  comprised  the  luminouB 
phenonaena  seen  frequently  in  the  northern  skj;  and  also,  although 
more  rarely  in  the  ne  ghborho  id  of  the  south  pole ;  they  are  then  called 
aunra  aualialia  Thej  present  when  in  full  display,  a  spectacle  of 
8urpa''eiog  splendor  and  beauty  The  cause  of  the  aurora  borealis  is  yet 
involved  in  obscurity  Although  it  is,  evidently,  intimately  connected 
with  terrestrial  mignetic  eleutriuity,  it  is  impossible  at  present  to  Bay 
"xactlj  what  this  oonnei,lion  is  It  has  been  ascribed  to  the  passage 
of  eleetrical  currents  through  the  upper  regions  of  the  atmosphere,  the 
different  colors  bcmg  manifested  by  the  passage  of  the  electricity 
through  air  of  different  iJensitiea. 

Appearance  of  auroraa.— Before  the  aurora  appears,  the  sky  in  the 
northern  hemisphere  usually  assumes  a  darkish  hue,  which  gradually 
deepens,  until  a  circular  segment  of  greater  or  less  slae  is  formed.  Tbia 
dark  segment  is  bounded  by  a,  luminous  arc,  of  a  brilliant  white  color, 
approaching  to  blue. 

The  lower  edge  of  this  arc  is  clearly  defined ;  its  upper  edge  gradually  blends 
with  the  sky.  When  tkis  luminous  arc  is  formed,  It  frequently  remaios  yisihla 
for  many  hours,  but  it  is  always  in  motion.  It  rises,  falls,  and  breaks  in 
raiious  places.     Clouds  of  light  are  suddenly  disengaged,  ecparating  into  rays. 
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SiSLk  bea,  lat  iO"  do  1  ng  JO"  ^l  B 
122°  W.  long,,  and  as  tar  south  as  Uu 
prevniliug  red  hue,  mistaken  in  man 
Sei.  C2]  Vir.  303.) 

More  remarkable  than  all,  honorcr,  was  tho  a 
tember  4th,  185B,  for  the  great  eilent  of  ten 
long  duration,  and  for  the  brilliancy  of  its  col 
and  the  rapidity  of  its  changes.  It  was  equ 
Ing  magnetic  disturbances,  reeorded  not  onlj 
but  over  the  irhole  system  of  telegraph  n 

This  aurora  was  seen  ta  far  west  as  the  Sandwich  Islands,  lat.  2 
W.,  and  east  as  far  as  Barnaul,  Russia,  long.  83°  27'  S.,  a  circuit  of  240°  about 
the  earth.  The  observations  seem  to  justify  the  inference  that  it  vae  as  livid 
in  the  southern  afi  in  the  northern  hemisphere.  It  vas  seen  oS  Cape  Ifom  and 
)n  Australia,  in  the  southern  hemisphere,  up  to  Coneepcion,  Chili  (lat.  36"  46'  S,), 
and  from  about  lat.  60°  N,,  in  North  America,  to  San  Salvador  in  13°  18'  N. 
For  full  details  of  this  aurora,  see  Am,  Jour.  Sci.  [2]  Vols.  XXVIIl.,  XXIX., 
and  XXX. 

996,  Height  of  auroras. — Maoj  astronomera  have  endeavored  to 
Jetermioe  the  height  of  auroras,  but  the  reBuits  of  their  caloulstiona 
are  not  certa,iD.  Eikriier  philosophers  computed  their  altitude  at  several 
hundred  milos ;  a,  lower  limit  is  assigaed  by  later  observers.  A  bril- 
liant auroral  aroh  was  observed  id  the  Northern   and   Middle  States, 
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April  7th.  1847;  from  ma  observations  made  at  Hartford  and  New 
Haven,  Coon.,  its  lieight  was  computed  by  Mr.  E.  C.  Herrick,  of  the 
latter  place,  to  be  nearly  one  hundred  and  ten  miles.  Anotlier,  seen 
April  29th,  1859,  is  by  the  same  observer  estimated  approximately  at 
much  over  100  miles  in  height.    (Am.  Jour.  Sci.  [2]  XXVIII.  154.) 

Prof.  Ltwinis  calculates  the  height  of  the  base  of  the  auroral  curtain, 
August  28th,  1849,  as  about  forty  miles,  but  the  same  observer  esti- 
mates the  height  of  the  belts  of  this  aurora  in  other  places  as  over  one 
hundred  and  fifty  miles. 

Fiequenoj  of  auroras. — Auroras  i 
qucntly  seen  in  winter  than  ii 
not  indicate  that  during  the  former  si 
number,  for  the  increased  length  of  night  would  render  a  greater  num- 
ber visible,  even  if  they  were  equally  distributed  throughout  the  year. 
During  the  summer  of  1800,  auroras  have  been  uncommonly  frequent 
in  the  N,  United  States.  About  the  period  of  the  equinoses  they  appear 
to  be  more  frequent  than  at  otJier  times.* 

In  addition  to  the  annual  period,  there  appears  to  be  another,  a  secular  period, 
eilending  throagb  a  number  of  years.  One  of  these  periods  Bas  comprised  be- 
tween 1717  and  I7S0 ;  its  maiimum  was  obtained  in  1752.  An  increase  in  the 
frequency  of  auroras  began  again  in  1S20.  Prof.  Olmsted,  in  an  important  paper 
on  this  subject,  in  the  Conlrib.  of  gmithson.  lust,  to!.  S,  selects  one  of  tbess 
secular  periods  between  Augast  £7tli,  1827,  and  November,  1643,  or  a  little  later. 
Tba  number  of  ouforas,  obserred  for  a  period  of  abont  sisteen  years,  at  New 
Hflven,  by  Mr.  E.  C.  Herricli,  is  given  in  the  following  table  :— 


e  perhaps  rather  more  fre- 
but  this  circumstanue  does 
there  are  actually  a  greater 


Number 

of  auroras. 

Number 

fanroraa. 

April  183? 
"     1838 

oApn 

1838, 

42 

April  1845 

oApri 

]m 

25 

"    1838 

1840, 

43 

"    1847 

1848, 

"     1840 

1841, 

48 

"    1848 

1849, 

42 

"     1841 

1843, 

29 

"     1849 

18 

"     1S43 

1843, 

'  March  18S1, 

«    1S43 

1844, 

Oct.  1B61 

OM, 

1852, 

3.3 

"     1844 

1843, 

10 

'.     1M3 

1S53. 

24 

„...'.  Geogiapliical  diatrlbut  on  of  auro  aa — P  Lx>mis  haa 
lately  (Am.  Jour.  Sei.  [2],  XXX  P9)  p  b  h  d  a  h  howing  the 
distribution  of  auroras  in  the  nor  h         h         ph  II     h  ws  from  a 

tabular  comparison  of  record  td  '  ha    n         h    parallel  of 

40°  N.,  on   the  mnidian  of  Wo.       g  a  0  auroras 

annually  ;  nearly  42°  N.,  the  av  0     nn  n     r  45°  it  is 
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40  i  and  near  the  parallel  of  50°  it  is  80  fL,-.ua,..y.  Between  tliis  and 
the  parallel  of  tiS",  auroraa  are  Been  almost  everj  night,  appearing 
high  in  the  heavens,  and  as  oflen  to  the  south  as  to  the  north.  Ahove 
62°  they  are  seldom  seen,  except  in  the  south,  and  from  this  point  they 
diminish  in  frequency  and  brilliancy  as  ive  advance  towards  the  pole. 
On  the  meridian  of  St.  Petersburg  a  similar  comparison  gives  a  like 
result,  except  that  the  auroral  region  is  situated  further  north  than  it 
is  in  America,  the  zone  of  80  auroras  annually  being  from  66"  to  75°  N. 
Prof.  Looinis's  chart  [toe,  cil.)  shows  that  the  region  of  greatest  auroral 
(Uitivity  is  an  elliptical  belt,  having  one  focus  near  the  north  pole,  and 
the  other  near  the  pole  of  magnetism,  and  whose  major  axis  crosses  the 
meridian  of  Washington,  near  lat.  56°,  and  the  meridian  of  St.  Peters- 
burgh,  in  lat.  71°.  Accordingly,  auroras  are  more  frequent  in  the 
United  States  than  in  the  same  latitudes  of  Europe.  Thus,  on  the  line 
of  50°,  we  find  in  North  America  40  auroras  annually,  but  in  Europe 
less  than  10  on  the  same  parallel. 

998.  Magnetic  disturbances  during  auroral  displays. — During 
the  prevalence  of  auroras,  all  the  magnetic  elements  show  great  dis- 
turbance, simultaneously,  at  the  most  distant  stations.  This  statement 
is  confirmed  by  comparing  the  observations  it  Toronto  Canada  West, 
lat.  43°  59' 35"  N.,  long.  79°  21' 30"  W.  withtho  eatbt  Petersburgh, 
Eussia,  lat.  59°  56'  30"  N.,  Ion.  30°  19'  E  on  the  2d  and  3d  ot  Sep- 
tember, 1859,  during  the  great  aurora  already  described  when  on 
several  occasions,  the  magnets  in  the  several  mstruments  ostiUated 
completely  beyond  flieir  scales — equal  to  a  trtil  deflection  of  mer  5i° 
of  arc.     (Am.  Jour.  Sci.  [2],  SSVIII.,  330  and  XX\    80  ) 

The  magnetic  oscillations  sympathise  with  the  auroral  streamers  ; 
when  the  arc  is  quiet,  the  needle  rests.  Durmg  the  grand  aurora  of 
November  14, 1837,  the  range  of  oscillation  as  obeened  at  New  Haven 
by  Messrs.  Herrick  and  Haile,  was  6°. 

999.  E&ect  of  the  aurora  on  telegraphic  wires.— This  phenome- 
non, already  alluded  to  (994),  is  entirely  distinct  from  the  induction 
of  static  electricity  during  thunder-storms  from  the  atmosphere  (860). 
Poring  the  aurora  of  August-September,  1859,  several  of  the  telegraphic 
line?  in  the  United  States  were  worked,  for  hours  together,  entirely  by 
the  magnetic  current  induced  from  the  aurora,  the  batteries  being 
detached.  Chemical  decompositions,  and  powerful  heating  and  lumi- 
nous effects,  have  been  ofteo  otserved  from  the  currents  induced  during 
auroral  disturbances.  These  facts  were  first  noticed  by  Mr,  O.  B. 
Prescott,  at  New  Haven,  in  1847.  In  Europe,  during  the  great  aurora 
of  1859,  the  same  disturbances  of  the  telegraphic  lines  were  observed 
HB  in  this  couutry. 
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Wliilo  all  tlie  lines  were  more  or  leas  affected,  whatever  their  iireo- 
tion,  it  appears  tllat  tlie  disturbances  were  more  marked  on  tlie  north 
and  euuCb  going  lines,  than  on  those  guing  east  and  west:  and  in 
Tuaoanj,  Prof.  Matteucci  observed,  that  where  there  were  several  par- 
allel lines,  one  above  the  other,  the  upper  wires  were  most  affected, 
and  those  nearest  the  earth,  least;  and  that  the  inductive  effects  were 
stronger  on  the  longest  lines. 

1000.  Reversal  of  polarity  in  the  auroral  ourreat. — Mr.  Presoolt 
first  determined,  by  obscrvntion  on  the  aurora  of  July  19,  18S2,  that 
the  auroral  current  iovariablj  changes  its  polarity  witii  every  wave. 
First,  a  positive  current,  producing,  on  Bain's  system,  a  deep  blue 
mark,  light  at  first,  and  then  stronger,  until,  having  attained  the  inten- 
sity of  at  least  200  Grove's  cups,  it  subsided,  and  was  followed  by  a 
current  of  reverse  polarity,  which  bleached  instead  of  coloring  the 
paper.  Sometimes  a  flame  of  fire  followed  the  steel  stylus,  and  burned 
through  a  dozen  thicknesses  of  the  prepared  paper.  Free  or  atmo- 
spheric electrieity,  when  it  is  induced  on  the  telegraph  wires,  produces 
no  color  on  the  paper.    (Am.  Jour.  Sci.  [2],  XSIX.,  92  and  391.) 


Problems  oa  Electiicity. 

243.  Compare  the  force  of  electricitj  on  two  similar  balls,  of  w! 
the  needle  of  iLe  torsion  ejectjomete 


Intion  of  hydrogen  was  reckoned  as  unity,  or,  £  =  1,  r  ^  1,  g  831.  A  pair 
of  eleatvodcA  havxug  then  been  united  to  the  poles,  and  the  bath  ajraaged  fur 
elBOlrotjping,  the  gas  evolved  was  found  to  be  only  one-twantioth  as  muah  as 


245.  In  the  case  of  a  Voltaio  batWry,  so  oonstruoled  that,  when  in  ■ 
exterior  resiatanoe  L  is  equal  to  nineteen  times  the  reslBtance  of  the  ba 
what  would  be  the  elfeet  of  doubling,  trebling,  and  quadrupling  the  dim 
of  all  the  plates  in  the  battery  ? 

246.  With  the  same  conditi 
the  intensity  of  the  current  I 
the  battery  f 

reaislaOBB  of  the  battery,  how  will  the  intensity  vary  by  doubling  the  i 
of  conplea  of  th«  same  dimensions  in  the  battery  ? 

248.  When  L  =  ir,  what  advantage  would  bo  gained  by  uniting  two 
batteries  in  a  single  fieries? 

249.  If  in  the  nse  of  a  Voltaio  battery  of  100  purs  of  plates,  arrange 
■eries,  the  exterior  resistance,  L,  is  fonnd  to  be  six  times  the  resistance 

ai  to  form  only  four  groups,  euth  having  twenty-five  times  the  previous 
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ADDENDA. 


XoTE  TO  I  369.— tTnifomi  musical  pitch. — A  geii 
together  by  the  Society  of  Arta,  at  London,  June  8,  186(1 
teura,  aad  otters  interested  in  masio,  have  accepted  the  report  of  a.  caiumiltM 
appointed  in  ISaS,  to  consider  the  Eubject  of  uniform  musical  piteh.     This  ooui. 

oaieuiatious  on  33  singie  vibrations  of  an  organ  pipe  32  feel  high,  io  ploee  of  32 

vibrations,  the  actual  number.     The  following  is  the  scale  at  Cbis  piteh — tlie 

onlj  one  yet  proposed  which  gives  all  the  sonnds  in  whole  numbers  :— 

CDEFSABC 

264     m     330     352     396     440     495     628 

This  pitch  is  hut  16  Tibrations  per  second  higher  than  tbe  normal  Diapason, 
C  =  512,  or  '■  Stuttgard  pitch,"  and  18  vibrations  lower  than  the  present  pitch 
of  548.  It  is  therefore  nearly  half  way  between  the  two,  being  a  quarter  tona 
above  one,  and  the  same  quantity  below  the  other. 

The  flommisaion  recently  appointed  to  report  on  the  pitch  in  France  ..aru 
mdvised  the  following  eeale  :— 


201     2984     S26i     343     39  li     435     489^      622 
The  following  is  a  list  of  the  several  pitches  considered  in  this  report  :— 
Handel's  Tuning  Fork  {C.  1740)  A  at  41S    =  C  at  499^ 
Theoretical  Pitch  A  "  426|  =  C  "  512 

Philharmonic  Society  (1812-42}  A  "  433  =  C  "  518| 
Diapason  Normal  (Paris,  1859)  A  "  435  =  C  "  522 
Stuttgard  Congress  (1834)  A  "  440    =  C  "  629 

Italian  Opera,  London  (1859)        A  "  455    =  C  "  646 

{Journal  of  lie  Sociel^  of  Arts,  June  S,  1860.) 
NoTB  TO  g  343.— The  velocity  of  all  sounds  not  the  same.— Rov- 
B.  8.  Barnshaw,  of  Sheffield,  England,  lately  brings  good  evidence,  both  mathe- 
matioal  and  phjaioal,  to  show  that  the  accepted  views  stated  in  g  343  are  correct 
onlyforeoundsbavingno  very  great  difference  of  intensity.  Every  note  in  mnsic 
may  be  formed  by  two  kinds  of  vibrations  of  the  Bame  rapidity,  but  differing  in 
wave-length  and  velocity  of  transmission.  Only  one  variety  of  these  waves  is 
Bupposed  in  general  to  be  sensible  by  human  ears.  The  velocity  of  sounds  of 
all  kinds  is  a  certain  function  depending  upon  the  rapidity  and  length  of  vibra- 
tion. In  tbe  case  of  violent  thunder  the  numerical  value  of  this  function  becomee 
much  greater  than  for  ordinary  sounds.  These  and  other  remarkable  conclu- 
sions are  sustained  by  mRthcmatiaal  reasoning.  The  author  of  tbe  memoirs  also 
cites  evidence  to  show  that  the  crash  of  violent  thunder-claps  has  been  often 
heard  almoet  simultaneously  with  the  flaah  of  lightning,  although  the  stroke 
fell  several  miles  distant.  {London,  Edmbnrgh,  and  Dublin  Phil.  Slag.,  June, 
July,  Sept.  1360.) 

Note  to  J  392,— aounds  produced  by  inaec*Ja.— Burmeieter  has  shown 
that  the  usual  opinion  of  naturalists  (e  jpresaed  in  ^  392)  is  erroneous,  and  that  the 
sounds  produced  by  insects  are  formed  by  the  eipanaion  and  contraction  o.  ^^. 
air  tubas,  the  sound  being  formed  by  the  passage  of  air  through  the  oriSoes  o' 
the  tohea,  whieh  act  like  a  whisHo,    ( rojior'*  Seieati/it  Memoirt,  Vol.  L,  p.  3TJ.  ■ 
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TABLE  L 

MEASURES    AKD    WEIGHTS. 


Measures  of  Length. 

Tub  inch  is  the  smallest  lineal  integer  now  used.     For  meiilianica! 

purposes  it  is  divided  either  duodecimally  or  by  eoDticual  bisection  ;  but 

for  scientific  purposea  it  is  most  convenient  to  divide  it  decimally.    The 

larger  units  are  thus  related  to  it: — 

UlIe.FuTloD^.ChsJDs.Kada.Fatboios.        Tsrcli.  Fe^C.  UnVe.  InchcB. 

1  =  8  =  80  =  820  =  880       =  1700     =  6280       =  8000      =  683G0 

1  =  10=   40  =  110      =   220     =   600      =1000     =   7920 

1_—      4=    11       =      22     =      66       =100      =      702 

1=     2  7S=       55=     10  5=:     25      =      108 

1       =       2     =       (>      =       Or'r=       72 

1     =       3      =       4A=       30 

1       =       IB-       12 

90()125  =  '001  =  -01=  ■04:= -ll^  -22—       060=       1      =         7  02 


Measures  of  Stirfac, 


=        10  =       4840       =       43,500 

=        2-5      =      1210      =      I0,8C5 

I         =        484      =        4,356 


Measures  of  Volume. 
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Imperial  Measiire. 
The  Imperial  Standard  Gallon  contains  ten  pounds  atoirdupcia  weight 
of  distilled  water,  weighed  in  air  at  62°  Fahr.  and  30  in.  Baroui.,  or  12 
pounds,  1  ounoe,  IC  pennyweights,  and  16  grains  Troj,  =  70,000  grains' 
weight  of  distilled  water.  A  cubic  inch  of  distilled  water  weighs 
252458  grains,  and  the  imperial  gallon  contains  277'27't  cubic  inches. 


8,700=      1-25=         84  659=      1 
17,500=      2-5    =         69'3I8  =      2=      1 
70,000=    10       =       277-274  =      8=      4=1 
140.000=    20       =       554-548=    16=      8=2=1 
660,000=    80       =    2,218-192=    64=    32=    8=    4  =  1 
4,480,000  =  640       =  17,746  536  =  512  =  256  =  64  =  32  =  8  =  1 

Apolfiecaries'  Measure. 
The  gallon  of  the  former  wine  measure  and  of  the  present  Apotheca- 
ries' measure  contains  58,333-31  grains'  weight  of  distilled  water,  or 
231  i-ubic  inches,  the  ratio  to  the  imperial  gallon  being  nearly  as  5  to  6, 
or  as  0-8331  to  1. 

I    =    8    =    128    =    1024    =  61,440  =  68,333-31  =  231 

1    =      16    =      128    =  7,680  =  7,29166  =  28-B 

E   1    =          8    =  480  =  455.72  =  1-8 

31=  60  =  56-96  =  0-2 


Avoirdupois  Weigh!. 


db,  Google 


PHYSICAL  TABLES. 


1  Hi^clomcfre 
1  Decametre 


Measares  of  Lenglh. 
1000  Metres,    i    1  Metre 


=  1  000  Metre 

=  0-100       " 

=  O'OIO       ■' 

=  0  001 


Comparison  of  Standard  Measures. 
3-28089917  English  Feet,  =    8  28070878  American  Feet, 
3-078M400  Paris  Feet,      =  39-36850535  Anieciean  Inches. 


Measures  of  Volume. 
1  Cubic  Metre  =  1000-000  Litres.         1  Litre" 

1  Cubic  Deoimefre    ^=         1-000       "  1  Litre 

1  Cubic  Centimetre  =       0  001 


0  22017  Gallon. 
1  Litre  ^  0-880G6  Quart 
I  Litre  =  1-76138  Pints. 


1  Cubic  Metre  =    85-31660  Cubic  Feet, 

1  Cubic  Decimetre     =    61  02709  Cubic  Inches. 
1  Cubic  Centimetre   —      0-06108     "  " 


I  Kilogramnie     =   1000  Gra 
1  Hectogramme  =     100 
1  Decagramme     =        10 


1  Gramme  =  1000  Gra 

1  DcL*igramme     =  0100        ■ 

1  Cenlieraiiime  =  0-010        ' 

1  Milligramme   =  0-001       ' 


To  convert  French  metrical  quantities  into  English  measures 
reights  coDsult  Table  II. 

To  convert  Grains  into  Grammsa. 
Log,  Grains  +  {—  2-8115680)  =  Log.  Grammes. 

lb  connert  Cubio  Inches  into  Cubic  Centimetres. 
Log.  Cubic  Inches  +  1-2I44B93  =  Log.  Cubic  CentimetreB, 

To  convert  Inches  into  Millimeires. 
Log   Inches  +  1-4048837  =  Log.  Millimetres 
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a   -i^i^   ,|  s  g  5  2  "  g 

§  B  ^  a  ^  *  S  §  £  -  *S  2  I 

=  ui£  o£  Za  50  ^o  ^o 
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d  by  Google 


TABLE  III. 

EXPANSION  OF  SOLIDS. 


1,000,000  pari!  It  Sa^F. 

"l^tl- 

In  U^^l'^'"'^'"!^  bnlk 

.„„,. 

E.'jglishFint  Glass   . 
Glass  tube  (Frenoli)  . 
Platinum      .... 
Pnlladium    .... 
Tempered  Sic  el     .     . 
Antimony     .... 

Iron 

Bismuth 

1,000,811 
1,000,801 
1,000,884 
1,001,000 
1,001,079 
1,001,083 
1,001,182 
1,001,392 

1  in  1248 
1  in  1148 
1  in  1131 
1  In  1000 
1  in  926 
1  in  923 
1  in  846 
lin  718 
1  in  682 
1  in  582 
lin  536 
1  in    624 

I  in    316 
1  in    382 
1  in    377 

1  in    307 
1  in    282 
lin    239 
1  in    227 
1  in    194 
1  in    179 
lin    175 
lin    172 

!;:  11^ 

/    LaToisier 
i^L  pi 

W  11    (  n 

Sm     1 

L 

IL  pi 

Sniealon. 

Copper    

Silver      '.'.'..'. 

1,001,718 
1,001,866 
1,001,909 

Lead 

Zino 

1,002,848 
1,002,942 

1  in  S51 
1  in    340 

INCHE.*SE  Of  JIB.V 

N  EXPANSION  B 

r  HE*r. 

Glaas    

Plalinura 

Iron 

Copper      

Mercury 

E»p.... 

..«r^b.^».r. 

.^f:.r.^.\. 

^So7w.  1  si^lTdlfofi. 

1  in  69CB0     1 
1  ia  GlSm 
1  in  501  GO 
1  in  34020 
lin    9E30     1 

in  65340 
in    996S 

1  in  59220 
1  in  65340 
1  in  40860 
1  in  21060 
lin    9518 

1.000,000  ports  at  B2°  P. 

At  212=  F.    1     AteB-3=r. 

AtF^z 

.g  Point. 

Black  lead  ware    . 
Wedge  wood  ware  . 
Platinum      .      .      . 

1,000,244 
1,000,735 
1.000,735 

1,000,703 
1,002,996 
1,002,995 

)  1,009,926  m 
\      not  fused 

usimum,  but 

Cast  iron      .     .     . 
Wrought  iron   .      . 

1,000,893 
1.000,984 

1,003,943 
1,004,483 

1,016,889 
t  1,018,378  to 

the  fusing 

Copper    -     .     .     . 
Silver      .... 

Zinc 

Lead 

Tin 

1.001,430 
],001,C26 
1,002,480 
1,002,323 
1,001,472 

1,006,347 
1,006.886 
1,008,527 

1,024,876 
1,020,640 
1,012,621 
1,009,072 
1,037,980 
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TABLE  IV. 
-iXPANSIOS  OF  LIQUIDS. 


0  parts  mercury  become 

"  pure  water  become 

"  Bulphurio  acid  become 

"  cliloroliydricaoidbefiome 

"  oil  turpentine  becoraa 

"  sulphuric  eilier  becom 

■'  fised  oilH  becomo      . 

"  ftleoliol  become     .     . 

"  nitric  acid  beooma    . 


1,018,153 

l,046,e00 

1,058,823 

1  in  17 

1,058,823 

linlT 

3,071.428 

l,0Tl,4->8 

linl4 

1,080,000 

1  in  12-5 

1,111,000 

1  in    9 

1,111,000 

lin    9 

EegnauU. 
Diillon. 
Dal  ton. 


Dalton, 
Dalton. 
Dalton. 


AldrhyJe, 

^"ZnAr'' 

Acetals  nf  Hlhjl. 

Pier« 

PL..rr= 

(SHi 

Pierre 

(B.  1^  ii':) 

(aiif-.) 

(IbS".) 

(,.W,] 

0 

10000 

10000 

10000 

10000 

10000 

10000 

10 

9817 

9830 

9872 

0867 

9846 

9843 

9507 

9J9C 

9688 

0667 

S629 

9622 

45 

S284 

9153 

9439 

9359 

eH53 

60 

9094 

0288 

9172 

91(i5 

75 

9128 

9112 

8988 

110 

8781 

8705 

8633 

0 
25 
5S 
80 

Lthyl-nf 

Uoi  otblo- 

blbylDne 
CjFIsCls. 

(I'll™) 

of  Klhyl. 
C.IM1,. 

Focini«M  of  Ethyl. 

Acslatset  JlelbjI. 

Pkrra 

Ctl.01, 
(MS".) 

(wS?) 

^f^^:> 

(69™) 

ifeSf) 

lOOOO 
9667 
9331 
9068 

10000 
0603 
9300 
9003 

10000 
0093 
9350 
9090 

10000 
3648 
9267 
89S8 

10000 
9632 
9241 
8953 

10000 
9631 
9243 

10000 
91*38 
9243 
8955 

10000 
9631 
9243 
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TABLE  V. 

EXPANSION  OF  GASES. 


A,r. 

C..b=..AH. 

ITs.siini  It 

r«.fureat 

Pte«=ure  at 

Pr^nre  nt 

r»P«,iri™  to 

S-J'H. 

ai2=F, 

a-ifF. 

■212"  e. 

1W°F. 

in  Qi 

HI  m 

mm 

lOit-72 

149-31 

768-47 

1034-54 

0  86850 

174-36 

287-17 

0-80&I3 

901-09 

1230-37 

0-36943 

200  06 

895-07 

0-3SS42 

1742-93 

37407 

610-35 

0'30587 

3589-07 

4759-08 

0-38598 

875-23 

61095 

0-36572 

7G0-00 

0-30y50 

1678-40 

2288-09 

0-36760 

]e(J2-6S 

230Q'23 

0-36800 

2144.18 

2924-04 

030894 

3655.66 

4992-09 

037091 

IlyrtroKen. 

A,. 

C..W„,eAci.. 

Sulph 

r..,A.ii. 

700'     0-36613 
2545      036616 

760 
2525 
2«20 

0-36706 
0  3(i9t4 
0  ■36964 

"eo'    037009 
2520    0-38455 

°7W 
980 

0-8902 

RADIATING   I 


Lampblack  being  .  . 
Pure  rolled  silver  .  . 
Pure  burnished  silver  . 
Rolled  prniinum  .  . 
Qold  iu  leaf   .... 


2  50  Burnished  silver  (pure)  . 
10  80  Burnished  platinum  .  . 
4  28     Sheet  copper      .     .     .     . 


■a  de  Physique.     Par  M.  J.  -Ian 
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TABLE  Vn. 
CONDUCTING  POWER  OF  METALS  AND  EUILDTNQ  f. 
A.— CO 


K.„.,B...U.... 

wZw-m. 

....«..».u„. 

Cimiigptlng 

Plaster  and  snEd 
Keene's  cement, 
Piaster  of  Paris 
Roman  cement 
Lath  and  plaster 
Fir  wood      .     . 
Oak  wood     .     . 
A«plialt   .     .     . 
Chalk  (soft)      . 
Napoleon  marble 
Stack  brick  ,      . 

18-70 
1901 
20'2a 
20-88 
25-55 
27-61 
33-66 
45-19 
56-38 
58-27 
60-14 

ISath  stona    .... 
Firebrick    .     .     .     . 
PaniswickBtone,H.P. 
Mttlen  brick      .     .     . 
Portland  stone  .     .     . 
Lunelle  marble      .     . 
Balaover  etone,  H.  P, 
Norfal  atone,  H.  P.     . 

Slate  

Yorkshire  flag  .     .     . 
Lead 

61-08 

6170 
71-86 
T2-92 
75-10 
76-41 
76-85 

100  00 
110-94 
521-8* 

db,  Google 


TABLE  VIII. 

ABSORPTIVE  POWEE  OF  DIFFEUEST  EODIBS. 


K.„.. 

'T.f)- 

"p^^e'r"    i 

Smoke  blackened  surface 

100 
100 

90 
S5 

27 
25 
23 
23 
19 
IT 
21 
17 
17 
U 
17 
14 

9 

7 
7 
7 
14 
7 
5 
3 
8 
3 

s 

2 
!0 
15 

P 

7? 
77 
81 
83 
76 
83 
83 
80 

86 

91 

S3 

86 

or> 

97 
97 
97 

Glass 

SiWer  foil  on  glass 

Wrought  iron,  polished 

Mercury 

Piitinum,  thick  coat,  imperfectly  polished   . 
on  copper      

Metallic  mirrors,  »  little  tarnished      .     .     . 

"            "        nearly  polished    .... 

Brass  east   imperfectly  poliabed     .... 

hammered,  imperfectly  polished 

'                         highly  polished  .     .     . 

oast                 "            '■         .... 

Coiper  coateloniron , 

yarmshed 

hanmeredoreast 

Gold  deposited  on  polished  steel      .... 
Silver,  hammered,  and  well  polished    .      .     . 
Silver,  cast,  and  well  polished 

TABLE  IX. 
ABSORPTIVE  POWER  FOR  HEAT  EHOM  DIFFERENT  SOUKCES, 


,....,„.,„... 

'ss:r 

*PG^- 

*^P"' 

Lampblaoli 

Carbonate  of  load 

China  ink 

;=-g'-= 

100 
56 
95 
54 

13  3 

100 
83 
87 
C4 
70 
13 

100 
100 
85 
91 
72 
13 

Metallic  surface 

db,  Google 


TABLE  X. 
DIATHERMANCY  OF  DIFFERENT  LIQUIDS'-. 


mm  !.,»„, ,.,.. 

|'.= 

'mi'S 

Bichlorid  of  aulph.  (rod  brown) 
Terebloridofphosphofiia       . 
Essence  of  turpenliue  ■     .     . 
CoUa  oil  (yellow)    .... 
Olive  oil  (greeDiBh)      .     .     . 

G2 
C2 

30 

Ether    

Sulphuric  acid  (colorless 
SiilpLuric  acid  (brown) 
Nitric  iidd     .... 
Alcohol           .... 
Distilled  water  .     .     . 

.i   21 

n 

'.      14 
.      16 

.jU 

TABLE  XI. 

[Ratio  of  Specific  Utat  to  Atnmic  Wdi/ht.'^ 
SPECIFIC  HEAT. 


All 


Cobalt  . 
Nickel  . 
Copper  . 
Zino  .  . 
Selenium 
Tin  .  . 
Plalinuni 

Phosphoru 
Arsetiic  . 
SiWer  . 
Iodine  . 
Amimony 
Gold  .  . 
Bismuth  . 


0'20:i6 

o-iias 

0  1070 


Mercury  (liquiiJ)  . 
Mercury  (solid)  . 
Bromine  (liquid)  . 
Bromine  (solid)  28° 


db,  Google 
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TABLE  yil —{Conliniied.) 
SPECIFIC  HEAT. 


' 

Specific  Ora.lty. 

Waters  1. 

weight  i.uiiig-1. 

0-2379 

10000      1 

0'2182 

0-2440 

0-2370 

8-4046 

0-2356 

01214 

0-2967 

2-4400 

0-0552 

0-2902 

5-8900 

0-2238 

0-3413 

1-5260 

Nitric  oiyd      .     . 

0-2815 

0-2406 

1-0390 

Carbonic  oiyd      . 

0-2479 

0-2899 

Carbonic  acid  .     . 

0-1575 

0-4146 

2-6325 

0-1553 

0-3489 

0-5080 

0-2094 

0-5S94 

Oiefianl  gaa 

0  3094 

0-3572 

0-9673 

0  47&0 

0.29.50 

0-6210 

0-451 3 

0.7171 

1-58&0 

Ether  vnpor      .     . 

0-4810 

1-2296 

2  5563 

0-1568 

0  8310 

5-3000 

Vapor  of  mercury 

6  9760 

Vapor  of  Iodine     .... 

TABLE  XII. 
PREEZIXG  inXTIiKES. 


s«.,..,... 

\\'X-ht.  :        CoolinS  1°  DsgrccB  P. 

Sulphate  of  soda 

Hydrochloric  acid 

Snow  or  ice 

Common  salt 

Siilphnie  of  soda 

Dilute  niti-le  acid 

Sulpliateofaoda 

Ni'i-ate  of  ammonia 

Dilute  nitric  acid    .     . 

Snow  or  ice 

Chloride  of  calcium 

I] 

v, 
1] 

1} 

fi-om  +  50=  to      0° 

..   +  50°  "  —  3' 
■'   +  50°   ■'— 14= 
"   -)_20''   "  — 14» 

db,  Google 
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TABLE  Xlir. 
DIATHERMANCY  OP  DIFFEREffT  SOLIDS. 


s.™  .,„.... 

(BMliplal8-aa262m.in.(0-lin,)lnlhlek 

EK.1. 

pE'ut. 

r^'i 

?lW 

Book  salt  (limpid)    .     . 
Silician  sulphur  (yellow) 
Fluor  spar  (limpid)      . 
Rook-salt  (cloudy)       . 
Berjl  (greenish  yeOow) 
Iceland  spar  (limpid)  . 

92-3 

74 

72 

05 

46 

89 

39 

87 
33 
18 

0 
8 

92-8 

77 

69 

05 

38 

23 

24 

28 
24 

2 
2 
1 

92-8 

60 

42 

65 

24 

6 

6 

6 

6 

4 

8 

0 
0 

92-8 

64 

53 

65 

20 

0 

0 

8 

3 

0 

0 

0 

0 

0 

Quarti  (limpid)  .     .     . 
Qiisrti  (smoky)  .     .     . 

Tourmaline  [dark  green) 

Sugar  candy  (limpid)  . 

TENSION  OP  VAPORS  AT  EQUAL  DISTANCES  ABOVE  AND  liELOW 
THE  BOILING  POINTS  OF  THEIR  RESPECTIVE  LIQUIDS. 


E,^uH. 

.... 

M..,.          .     .„^.^ 

%",Z,^i^muV 

""■■"■ 

T.^;'"^^^=« 

T^p.™, 

T™p.   Prs,™« 

Morcur,. 

V- 

\"^°l 

'ir-'y^ir 

+  40" 

?^9: 

63-14 

■m. 

44  0« 

124  '42-04 

Boiling  p't. 

■ivi 

30  (Wl 

173 

SO'Oo'  104    30  00 

117  129-87 

680   30-00 

192  .19  87 

l.'i3 

19  30'    84   20-90 

97    20-66 

—  40= 

las 

11-60     64    13-00 

77    13-89 

630  ,19  85 

—  eo° 

152  1   7-94 

ii» 

6-70      44      8-10 

57      9-07 

132      4-67 

ys 

3-67 

37      6-73 

590    14  08 

db,  Google 


682  APPENDIX. 

TABLE  XV. 

MELTING  POINTS  AND  LATENT  HEAT  OF  FlISI  JN  01  DIFFEREKl 


,.,.u... 

..■„„,.,„ 

--4!'-" 

w.„,.,. 

Mai  cury 

—  3U 

5-11 

0-035 

OilofTitrml 

Bromine 

—    i 

Water 

142-1 

1-000 

Pho'.pharus 

+  111 

8  08 

0056 

Polaaimm  (about) 

131 

■f oUow  wai 

143 

78-32 

0551 

Sodium 

IHI) 

Iodine 

Sulphur 

16-51 

0116 

Tjq 

455 

25-74 

0180 

Bismuth 

518 

22-80 

0-156 

Lead 

630 

9'27 

0  063 

Zino 

7ei 

49-43 

0347 

Antimonj 

n«3 

8iher 

1873 

87-92 

0265 

Copper 

t2U.5 

Gold 

2016 

Cast  iron  (above) 

Wrought  iron 

3280 

Platinum 

4591 

NilrateofBodft 

591 

113-30 

-737 

Nitrate  of  potash 

6i2 

■584 

Filtrate  of  silver 

113-34 

■704 

TABLE  XV!. 
BOILING  POINT  OF  WATER  UNDER  DIFFERENT  PRE8SUEES. 


Boiling  PoiDt. 

Barometer 

Boilini!  Point 

Biromeler          1 

Inches. 

India. 

184 

16-676 

200 

186 

17-421 

202 

24-441           ; 

188 

18196 

204 

2&-408          ; 

18  993 

206 

26-529 

193 

19-822 

208 

27-614          i 

194 

20-687 

210 

28-7'14          1 

196 

21-676 

212 

198 

22-498 

214 

31-120          ; 

•  The  nurobera  in  thia 


le  pound  of  each  of  the  Bulieti 


db,  Google 
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TABLE  XVII. 

BOILINO  POINTS  OF  LIQUIDS, 


Ta,np.r,tur.. 

Sulphurous  aeid      . 

17.6 

Glilorid  of  ethyl      . 

51-9 

AldeLide  .... 

69-4 

Elher   

948 

BisulpLid  of  carbon 

118-5 

TercliloridofaiiicoB 

Ammonia,  sp.gr.  0  945 

140'0 

145-4 

WochI  spirit   .     .     . 

149  S 

Alcohol     .... 

1731 

Dutch  liquid ..    .     . 

184.7 

212,0 

Nitric  acid,  ap.  gr.  1  -4 
Bichlorid  of  tiu 
Fousel  oil  .     . 
Terchlorid  of  an 
Butyrio  acid  . 
Naptha      .     . 
Sulphurous  etlie 
Phosphorus    . 
Oil  of  turpentiut 
Linseed  oil      . 
Sulp.  ucid,  sp.  gr.  1 
Mercury    .     .     . 


5W7-0 
620-0 
662  0 


TABLE   XVIIi. 


Doukia  (Himalaya) 

Donkia  Pass  (Himalaya)  .  .  . 
Farm  of  Antisaua,  S.  A.  .  .  . 
Micuiparapa  (Peru)        .... 

Quito 

Mexico 

Hospice  of  St.  Gotbard  .  .  . 
Black  Mountain.  N.  C.  (highest 
point  in  the  eaBlern  U.  8,)*  . 
Mount  Washington,  N.  H.  .  . 
Madrid 

Plombieres  

hloscoiT      

Vienna 

Kome 

Dead  Sea  {bdow   Mediterranean 
«^"} 

•  GujoL  t 


19  020 
20-750 
22  520 
23,070 


22  905 
27-720 
28-270 
28-890 


190-20 
11)4-20 
198-10 
199-20 
tl99-67 
t20O-43 
208-00 
209-10 
209  30 
210-20 
211  10 
211-00 


Estimated  bj  Forbes'  c< 


d  by  Google 
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Prsssnr.  in 

tmn 

.omn^PoUtof 

rre.™«  In  «tn,n. 

noillni  Point  of 

«pbw.of30 

»ph,^rr8of30in.:bfl 

I 

212    "F. 

11 

364-2  "F 

2 

249  5 

12 

371  1 

291-2 

14 

384 

3060 

15 

390 

6 

7 

3]8  2 

Hi 
IT 

3il5-4 
400-8 

8 

8ay-5 

18 

405-9 

348-4 

13 

410  8 

10 

856 -G 

20 

41(>4 

TABLE  XX. 

LIQtrpFACTION  AND  SOLIDIFICATION  OF  GASES. 


OF, 

A.B2=F, 

At  60"  F. 

op. 

Sulphurous  acid     .      . 
Cyanogen     .... 
lljdriodio  acid      .     . 

Sulphuretted  hydrogen 
Protoiid  nitrogen 
Carbocic  acid   .     .     . 

—  105° 

—  80 

—  GO 

—  103 

—  122 

—  150 

—  70 

—  G5 

—  124 

—  220 

1-53 
2-37 
3-97 
4-1 
10 

38-5 
26-20 

2-54 
6-90 

1319 

5-16  at  100° 
4-00  at  63 

1000  at  83 
14-60  at  52 
33  40  at  33 

26-90  at       0' 
11-54  at  — 62 
40       at     50 

Hydrobromio  acid      . 
Fluorid  of  Silicon  .     . 

Arseniurelted  hydrogen 
Phoaphurelted  hydro  gei 
Olcfiant  gas  .      .          . 
Fluorid  of  heron    .     . 
|_  Iljdrochloric  acid      . 

db,  Google 


PHYSICAL  TABLES. 


|g|^|g|?|So 

1 

0-546 
0-841 

1-909 

4-089 
6-756 
7-992 
10-949 
14-810 
19-790 

"1 

1 

^gssHilisi.- 

~. 

0-5;i5 
0916 
1.415 
2-126 
a -070 
4.388 
6-164 
8-521 
11-643 
16-709 
20-938 

". 

0-621 
0-957 
1-476 

8-180 
4  537 
6-861 
8-797 
12-005 
16-176 
21-635 

'. 

0  649 

0  999 

1  640 

2  292 
3-806 
4-696 
6-576 
9081 

12  876 
16-654 
22-146 

-. 

0-678 
1-048 
1-600 
2-379 
8  426 
4-860 
6-795 
9.372 
12.756 
17-145 
22-771 

. 

0-708 
1.090 
1-674 
2-469 
3.550 

7-021 
9-670 
13-146 
17-648 
23-411 

• 

iiiiiiiiii 

' 

0-772 
1-190 
1-817 
2-659 
8-811 
6-881 
7-498 
10.292 
IS -9-37 
18-693 
24-742 

• 

iiliiiiiiiif 

•s 

db,  Google 


TABLE  XXII.— LATENT  AND  SENSIBLE   HEAT  OF  STEAM. 


T«..p. 

Latent  Heat. 

aDd'^nxibi"  l^ut. 

Temp. 

Latent  Il^st 

add"E'^i''.lb'i^'ll^t 

32= 

10926° 

1124-6» 

248» 

939  0° 

1187-6° 

X067  4 

1135'4 

284 

914-4 

1198-4 

86 

1054-8 

11408 

320 

889-2 

1209-2 

104 

1042  2 

11462 

388 

874-8 

1212-8 

140 

1017-0 

11G70 

874 

849-6 

1223-6 

194 

979-2 

in3-2 

410 

622-6 

123-J-6 

212 

906 '6 

1178-6 

446 

795-6 

1241  6 

^""Tp'tp'r^jf*'""'             Tempereture.         1         Latent  lleat. 

"■^^m;';^?"'' 

0-0014 
0-006 
1-OQO 
8.000 

0= 
32 
212 
339 

1114-0» 
1091-7 

90ii-6 

1114-0° 
1123-7 
1178  0 
1216-8 

TABLE  XXIII.— SPECIFIC  GRAVITY  OF  SOLIDS  AKII  LIQUIDS. 


SubBlaiicea. 

Sp.Gr«ilr. 

Plitinum 

21 

Snlphateof  lime     .     . 

2-32 

Bune     .     .     . 

MerTurj 

H60 

Ivory    .     .     . 

Rtndiuui  and  Palladium 

11 

Silver 

10  47 

Sodium      .     . 

8  7S 

Steel 

7S1 

Puiniee-Mone 

r7S 

Putassinm      . 

MeteuriQ  iron 

7  26-7-73 
7  21 

Pine  wood      . 
Cypress  wood 

0-60 

eti 

Coaimuo  poplar 

0  33        ' 

IiJino 

4  95 

0S8 

4  28 

5  56 

3  50 

English  flint  glaaa 

3  33 

W    ler  from  Dead  Sea 

2  8-1 

2  77 

M   L 

V,  ne 

Iceland  opar 

2  72 

L  neeed  o  ! 

2fi3 

^npltlll      Ifchto 

2  61 

fat   Gobain     j.ldB" 

2  49 

Eupon 

e  5 

db,  Google 
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TABLE  XXIV. 

VOLIJME  AND  DENSITY  OF  WATER.— BY  I 


Temppratuto 

VolumsofWalar 

Or  ofB-^l=r 

Volume  ofWater 

0     „flT  te 

(i.L(P  =  l). 

(m6°-j). 

i^tiP-i). 

''(aUO=l),    ' 

5 

1 '00000 

l-OOOOOO 

1-00012 

0-999877 

0-99995 

1000053 

I -00007 

0-999930 

0-99991 

1000092 

1  00003 

8 

0-99989 

1  0001 15 

1-00001 

0-999992 

4 

1-000123 

l-OOOOO 

1-000000 

5 

0-99988 

1-000117 

1-00001 

0-999994 

6 

0-99990 

1 -000097 

1-00003 

0-999973 

7 

0-99994 

1-000062 

1-00006 

0-999989 

0-99999 

1  000014 

I-OOOII 

0-999890 

1 -00005 

0-999952 

1-00017 

0-999829 

10 

1-00012 

0  999876 

1-00025 

0-999753 

11 

1-00021 

0-999785 

1-00084 

0-99C664 

12 

1-0003: 

0  999686 

100044 

0-9995fi2 

13 

1 -00043 

0-999572 

1-00055 

0-98S449 

14 

1-00056 

0-999445 

1-00068 

0-999322 

15 

1-00070 

0-099806 

1-O0082 

0099183 

1-00086 

0999155 

1-00097 

0-999082 

17 

1-00101 

0-998992 

1-00118 

0-998869 

18 

1-00118 

0-998817 

1-OOISl 

0998095 

19 

1-00187 

0-998631 

1-00149 

0-998509 

20 

1-00157 

0-998435 

1-00169 

0-998312 

21 

1-00178 

0  998228 

1-00190 

0-998104 

22 

1-00200 

0-998010 

1-00212 

0997886 

23 

1-00223 

0-997780 

100236 

0-907667 

U 

1-00247 

0  997541 

1  00259 

0-S97419 

25 

100271 

0-997293 

1-00284 

0-997170 

26 

1-00295 

0-997086 

1-00310 

0-996912 

27 

1-00319 

0-996767 

1-00887 

0-996644 

28 

1-00347 

0-996489 

1-00365 

0-99C367 

29 

1-00376 

0-99fi202 

1-00893 

0-996082 

80 

1-00406 

1  -OQ&70 

0-990908 

1-00423 

0-995787 

40 

1  00753 

45 

1  00954 

CO 

101177 

55 

1-01410 

«0 
05 
70 

1-01 069 
1-01930 
102225 

75 

1  -0^541 

I  -02858 

85 

1-03189 

ao 

1-03540 
103309 

LiL_ 

104299 

db,  Google 
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TABLE  XXV. 


ir' 

..^ 

*:£ 

PeKTMfc     0 

^l 

n^rem. 

Gravily.    1 

0 

1000 

1 

1  152 

40           1 

flriT 

60 

1-052 

100 

1 

1160 

41          1 

61 

1-670 

2 

101 

1  169 

42          1 

:iHi 

62 

1-    n 

"3 

43          1 

mr-. 

63 

i 

1-0 

4 

1  188 

44          1 

5 

l-0d4 

''5 

1  197 

45          1 

4W 

65 

1-747 

6 

1-041 

"6 

1206 

46           1 

4H4 

66 

1-767 

r 

1-048 

7 

1216 

47          I 

44M 

67 

8 

1  l>oQ 

28 

1225 

48          1 

46'' 

e 

1-or? 

9 

1235 

49          1 

10 

10  0 

0 

1245 

60          ] 

4911 

70 

1854 

11 

10  8 

«1 

1  256 

61          1 

49!. 

71 

r877 

12 

lOSo 

S 

1207 

52          1 

f,m 

72 

13 

10J4 

33 

1277 

63          1 

rm 

14 

11  1 

34 

1288 

54         ] 

551 

74 

1-949 

15 

1  100 

1o 

1  2119 

65          1 

567 

73 

1-974 

16 
17 

1  118 
1  1  8 

86 

1310 
1  !2l 

56  1 

57  1 

6Ma 
fiOO 

76 

2-000 

18 

1  1  4 

IS 

1  333 

58          ] 

19 

1  143 

Jl 

1345 

59          1 

034 

I.     «, 

D     ^ 

pw 

■> 

« 

. 

m 

0 

0  0 

2 

8 

G 

8  9 

41 

9 

993 

4 

9 

84 

' 

986 
80 

2 

90 
0 

3 

8  9 
834 

5 

14 

8  6 

8  0 

5 

73 

5 

96 

8 

8  5 

54 

8 

e 

960 

2 

88 

8 

5 

4 

54 

30 

6 

0 

8 

9  8 

3 

a  4 

44 

8 

8 

86 
8  4 

46 

a 

58 
59 

58 

0 
9 

4 

0 
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TABLE  XXVI. 
TENSION,  VOLUME,  ASD  DENSITY  OE  AQUEOUS  VAPOR. 


'•.TE'",™ 

Ten^Jon 

Tolume 

WHgWofa 

Tenslo 

n  of  Vapor 

B«p™B™bj- 

MCUplTbj  a 

tnbk  metr.;  of 

"oiKK^'a 

es.-din 

scnloniuof 

AqufouH  Vnpor 

ACDi 

>I.h-r«- 

vapo^  la  ™tic 

Id  kilognuaiBeit 

0° 

lis"'' 

0-OOCO 

0-00460 

205-222400 

0-00487206 

17-86 

0-0200 

0-01520 

66-144960 

0-01612517 

29-87 

0  0400 

0-08040 

84-364490 

O-029090O0 

83-30 

0-0500 

0-03800 

27-852530 

0  08690807 

87-83 

0-0625 

0-04750 

22-678310 

0  04430000 

42'6t> 

0-0838 

0  06330 

17-232270 

0-05803375 

46-25 

0-1000 

0-07600 

14-615640 

50-60 

0-1250 

0-09500 

11-709500 

0-08495800 

5S-85 

01428 

0-10857 

10-391950 

0-09622000 

66-03 

0-1066 

0-12666 

8-996440 

0-11119280 

60-40 

0  2000 

0-15184 

7-582970 

0-13185937 

85-36 

0-2500 

0-19000 

6-156070 

0-16240770 

81-72 

0-6000 

0-38000 

8-227120 

0-30983570 

92-18 

or 

0-7500 

0-57000 

2-216120 

0-45141000 

100- 

lOOOO 

0-76000 

1-696000 

0  59130000 

106-33 

1-2500 

0-95000 

J -880541 

0-72480000 

111-83 

1-6000 

1  14000 

M07228 

O-85Q7O000 

116-50 

1-7500 

1-83000 

1-012610 

0-98752500 

120-04 

2-0000 

1-52000 

0-895462 

1-11671700 

124-89 

2-2600 

1-72000 

0-798033 

1-25305700 

127-83 

2-5000 

1-90000 

0-729463 

1-87087500 

2-7500 

2  09000 

0-668363 

1-49620700 

133-91 

3-0000 

2-28000 

0-616697 

1-62038400 

136-72 

BJor 

3-2500 

2-47000 

0-673576 

1-74840000 

139-29 

SJor 

3-5000 

2-66O00 

0-534694 

186682600 

I41-72 

efor 

3-7600 

2-85000 

0-508167 

1-98731800 

144- 

4    or 

4-0000 

3-04000 

0-474320 

210828600 

146-28 

4    or 

4-2500 

8-28000 

0-448860 

2-22780000 

148-44 

4    or 

4-5000 

3-12000 

0-426093 

2-34683300 

150-85 

4    or 

4-7500 

3-61000 

0-405507 

2-46606500 

152-20 

5    or 

5-0000 

3  80000 

0-386960 

2-58417600 

154-15 

5    or 

5  2500 

3-99000 

0-370170 

2-70135200 

155-94 

5    or 

5-5000 

4-18000 

0-854778 

2  81225060 

157-64 

5    or 

5-7500 

4-87000 

0-340669 

2-9346O0O0 

169-25 

6    or 

0-0000 

4-56000 

0-327779 

8-05078500 

166-40 

7    or 

7-0000 

6-32000 

0-284938 

8-50930700 

170-84 

8-0000 

6-08000 

0-262423 

8-97068600 

175-77 

9    or 

9-00O0 

6-84000 

0-226771 

4-40770000 

180-30 

10  0 

10-0000 

7-60000 

0-206248 

4-84844400 

184-00 

11-0000 

8-36000 

0-189189 

6-28325000 

lSS-54 

12  0 

12-0000 

9-12000 

0-174962 

6-71425000 

190- 

12-4250 

9-44300 

0109487 

6-91142800 

195- 

13-8160 

10-52000 

O-15360O 

6-50428600 

200- 

15-35H0 

1108900 

0-138717 

7-81716600 

230- 

27-5340 

20  92600 

0  083115 

12-08722000 
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ANSWERS    TO    PROBLEMS. 


Ptob.  1.     Ana.  (a.)  UT640>4G  j^s, ;  (J.)  1-021  inchc 
(rf.)  11811237. 

4.D9.  (b.)  l-3B69r  metraB;  (i.)  1131-5405  n 


I ;  {d.)  5468-iS  Amer.  yaris. 
b.  5.  Ana.  (a.)  42o8-U5S  out 
li  (c.)  O'leiS  gallnn. 

Ins.  0-1515  foot  per  aai 


1    {b.)  54-7286  Ame 
iaantimatceai   (J.)  4 


t;  (c)  20-921  kilo- 
,,  (J.)  1-1  gallons; 
iachea;    (d.)  22-8fl 


11.  Ana. 

12.  Ana. 

13.  Am. 


Speed  of  A  =  Jf  of  speed  of  B. 

Velocity  =  180  feet  per  soooad ;  dislance  =  18110  jMda. 


er  second  or  5.9  miles. 


^t/s*. 


.  If  ft  reprcaont  the   beigtl   of  tlie   tower,   the  velocity    re- 
.  If  V   represents   the   vertical   velocity   of  the   balloon,   tb* 


'*"=i-x('+^:)' 


db,  Google 


ANSWEBS   ro 


Prob.  25. 

Ans 

402  V  feet. 

Prob.  26. 

Ana 

VelLity  = 

Prob,  27. 

Ans 

203'i4  foet. 

Prob.  28, 

Prob,  29. 

Ans 

95-75  feet. 

Prob.  30. 

Ana 

103'37  milea 

Prob.  31. 

Ana 

Tbo  train  ca 

auld  requi 

nitialvelooity 

Prob,  32. 

Ana 

2650B9  Iba. 

Prob.  33. 

Aua 

3S358  lbs. 

Prob,  34. 

Tnelve  lime. 

Prob.  3S, 

Aaa 

8-i5  reyolBt 

Prob.  3(1. 

Ana 

1-T4  aefonds. 

Prob.  41.     Ai 


42 

An' 

43 

Ans 

45 

48 

Ana 

Ana 

48 

49 

Ana 

51 

52 

Ana 

Ans 

55 

Ana 

Ans 

53 

Ads 

SB 

Ana 

611 

Ans 

62 

Ans 

64 

85 

Ana 

66 

Ans 

1003  aecoada. 

At  New  York  j,  =  ir^i  =  32-155399  feet. 

At  Cape  Horn  g  =  r'i  =  33-I0608S  feet. 

At  Boston  3  =  3217076  (1  —0-00259  coa.  2!*)  =  32463064  ft. 

At  Hew  Orloana  3  ==  "         "         "         "         =32  125757  ft. 

At  Stoefcbolm  g=      "         "        "         "         =  32-131002  ft. 

9-  =  An- 

13916-25  feet  =  2-64  milea. 


24-31 
35°  19'  i 


econda. 


"■5  or  54°  40'  !fl"-5. 


2f  feet  from  the  ai 
Under  tbe  weigbt 
125  lbs.  and75  1bi 


40  lbs. 
Diameter  o 
82^  lbs. 


49  TO  lb>. 
3J  cwt. 
60  Iba. 
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>   PROBLEMS. 


Prob.  84.  Aoa, 
aada  of 
Prob.  S5.    Am. 


lb,  82. 

tbs  breaking 

lerelj  auj 


■ob,  90. 
■ob.  91.     . 


1-5S74  times  greater. 
1194  miles  per  hour. 
At  ll",  1233153  b 
13SSa.42  kilogriLmaii 


as  much  aa  if  the  b. 

other  eitremitj. 

I,  b9M-9i  to  7b46-76 


eight 


0  I8'548 
=  2990-18 


hid  on  tlie 

If  the  ends  are  eeonrely  fastened  the  working  load  = 
ids  are  merely  supported  the  working  load  =  233-67  ti: 

280-69  tons.  Since  the  entire  atructare  forms  a  cunl 
,he  middle  apan  are  aeeurely  fnstened. 

S9-43  tons. 

.1  =  5-65379  feet  per  second ;  «'  =  8-67579  feel  per  s 

m  =  7S"''. 


25-6  feet. 

84-3  teet  per  aaoond. 

Condensation  =  0-001006 ;  apeoifio  grarity  =  l-9{ll(IOr. 

Bpeoifio  gravity  =  1-048T. 

0.5723  of  a  eabio  inch. 

The  preasure  =  P  X  —,- 
Preaaura  :  Power  =  4050  :  1. 

Pressure  on  the  bottom  =  the  weight  of  the  liquid  ^  c 
if  the  preBEuroa  on  the  four  sides. 

0-5773  o,  0-3392  o,  and  0-1835  a. 
!.  P  :  P'  =  1 :  2. 

le  heiglit  of  the  cylinder  to  its  radius. 

mre   of  water  =^    1101-3   lbs.;    presaiiro  of  merei 


on   the 


iiig  reckoned  aa  unity.     Thcl 


-!r'V'+^^+*V'+^' 
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U94 

Prob.  104. 
Prob.  IDS. 
Prob.  106.    Aos.  ] 


ANSWERS   TO   PKOBLEMS, 


Prob.  130.  Ans 
Prob.  121.  Ana 
Prob.  17.2.  Ans 
Prob.  123.  Ans 
(Bcond  =  1-0  9«, 
Prob.  124.  Ans 
Prob.  125.     Ane 


j.  £00  lbs. 

0-03739  X  given  weight  of  the  iron. 

11'5023S  aanaes. 

Gold  =  13'3102  ounces,  silver  =  8-18113  oui 

The  addition  of  10  lbs.  of  lead  weights  under  v 
that  209-5  lbs.  of  irOD  are  concealed  in  the  coc 
!.  5-n7&2  lbs. 
I.  D'602e  diameter. 

1,  64-1832  ouiiic  feet. 


I.  67'698 
0-9825 
Volum. 
a  depth  of 


if  B  =  4795-34  c 


Specific  gravity  of  ( 
IhBTolnmeaoflihe  t 
Speoiflo  gravity  = 


■13. 
=  -832. 


126.     Ans.  23-385  gallons.     Theoretical  diecbarge,  37-718  gall 
Actual  range,  15-187  feet. 
Actual  velocity  =  0-3833  theoretic 0.1  velocity. 
10180-217  gallons. 
38,450  gallons,  or  610  hogsheads. 


Prob.  127.  Ana. 
Prob.  128.  Ans. 
Prob.  129.     Ans. 


ila,  n  = 


all  t: 


»re  to  be  taken  io 

metres,  and  tb 

e  result 

gives  J) 

B  cubic  metre 

sper 

ond. 

Prob 

97-496  feet. 

Prob 

132. 

If  the  actua 

height 

of  the  m 

ereury  is  I  in 

h,  th 

b 

ight  of 

he  also 

holn 

ill  be 

22-e8  inches. 

differene 

of  love 

Prob 

133. 

AUB 

63-68  miles. 

Thisp 

obleu!  i 

ncipl 

f|172. 

Prob 

134. 

Ana 

286-1855  lbs 

Prob 

Ans 

1156-3  lbs. 

Prob 

136. 

Ans 

0-0796  grain 

Prob 

137. 

Ans 

46l)-00137  g 

Prob 

Capacity  of  the  globe 

26cubiofeet! 

spec 

flc 

gravity 

rgB3  = 

=  0-0767. 

Prob 

139. 

Ads 

31-7676  feet. 

Prob 

140. 

68  feet. 

Prob 

141. 

Ans 

17-98  feet. 

Prob 

Ans. 

6655-Sj  feet, 

Prob 

143. 

Ana 

Ascensional 

353 

433 

7  lbs.; 

ith  hydrogen 

473-0793  lbs. 

Prob 

The  conditio 

a  proble 

t  the 

ghtnf 

the  batld  m  s 

liould 

be  nothing,  o 

r  that  t 

e  ballast  should  hav 

an 
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le  weight  of  the  ballooQ,  since 


weight  of  th 

gsa 

iberated,  or  equal  to  o 

fill  the  halio 

he  surface  of  tho  earth 

Pmb.  145. 

An 

The  tobe  will  admit 

Prob.  146. 

An 

.  0-Oie  inch. 

Prob.  147. 

Prob.  148. 

An 

.  rO'SOe  oentimetroB. 

Prob.  U9. 

An 

■  m¥'¥-mM 

Prob  150. 

.  5  lbs.  10  oz. 

Prob.  151. 

An 

,  009698  inoh. 

10  height  iniioafeil, 

la  wore  liberated  the  balloon  would  ascend; 
Lount  of  ballast  mnst  be  added  eqnal  to  the 
•fourth  the  weight  of  air  which  would 


153.  Ans.  81054  feet,  or  a  litth 

154.  Ans.  Velocitj  at  90°  S. 
P.  =3  1007-091  feet  per  second. 


15?.  Ans.  27  minul 

158.  Ans.  1677-45  1 

159.  Ans.  422  feet. 

160.  Ans.  125-69  m 


Proh. 
Prob. 
Prob. 


Prob. 

133-13; 

Prob. 

Prob. 


)od,  1-03  to  1-65  seconds;  il 
44  seconds;  in  vapor  of  aloo 
,t  154°  F.,  13-72  seconds. 


Ans.  Distance  =  2394  feet;  rolocitj  =  764  feet  per  a 

Ans.  ^T  of  its  length. 

Ans.  lOljlfl  vibrations. 

Ana.  3408  feet. 

Ans.  B  ;  Dft  =  26  i  24. 

Ans.  The  ohromatio  semitone'=  {^■,  the  grare  ehroi 

Ans.  1800  beats  per  miuuta. 

!,  Vibrations  per  minute  for  one  node,  66-56;  tor 


ree  nodes,  199-695;  fc 
Ans.  263-57. 

Ans.  Keduce  the  length  of  the  tube  to  9-343  metres. 
Ans.  ForC  1,  8-0405  feet;  D  1,  7-093B  feet;  B  1,  6-3407  feet;  P  1, 
■9362feel;  G  1,  5-2314  feet;  A  1,  4-6618  foot;  B  1,  41022  feet;  C  2,  3-8326  feef. 
17*.     Ans.  11-39  in.,  10-03  in,,  8-95  in.,  8-3B  in.,  7-37  in,,  6-69  in.,  5-8  in.. 


Ptob. 
S-4S  in. 

Prob.  176.     Ani 
lilso  too  high  b7 

rhofo-mulaA': 


P  5  (too  flat),  2 
alf  a  semitone). 


5  (too  high  by  half  a 


.tone),  and  C  t 


wbtlo  P  5  =  2739-2. 
while  A  5  =  .1424. 


d  by  Google 


ANSWERS   TO 
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8  minutes.  14-J0  aeco 

nds. 

46  years,  16S  dajs,  1 

0  hours,  8  min 

Aa  1  to  2i. 

BOi  F^r  sent. 

22-85  candles. 

21 -43  candles. 

tbe  radiu 
The  Burfa 


:,  and  >■  =  7-3  inehes. 

f  the  lens  at  a  distance  of  3'134  inchei 

e  surface  of  short«r  cntvature  being 


,'  =  infinitj,  i 
Prob.  199.     . 

iista-tf/fron 
Prob.  200.     . 


the  first 


,  r  =  0-449  inctee,  »  =  —  1-235  inches. 
.  1612S0  times  tbe  light  received  by  the  unassisted  eje. 
.  Illnmioating  power  =  3112880 ;  peoetratiug  power  =  602 
.  Illuminating  power  =  IS225 ;  penetrating  power  =  135. 
.  The  illnm^nating  power  giien  by  150"  aperture  is  2i  timi 
netrating  power  li  times  as  great  aa  that  giren  by  100'  aperture. 
"      rn  glass,  56°  43'  40";  plate  glass,  66°  3S'  26";  fli 


Prob.  307. 

Prob.  308. 
Prob.  209. 


i.  Reaeeted  by  croi 

■m. 

I.  1-544. 

I,  Degrees  F.  = 

—40"  = 

+168  = 

-fl94  = 

+442-4  = 

+771-8  = 

+977  = 

-i-I832  = 

H-9732  = 


00720;  by  plate  glass,  0-OT381 

3.     =     Degrees  R. 
=  —32° 

=  +56 


+228 
+411 
+525 
+  1000 
+5383-9 


+72 
+182-4 
+328-S 
+480 

+800 
+4311-13 


d  by  Google 


)   PEOBLEMS. 


+:s         = 


+i(ir 

=       +80 

+5M 

=     +232 

+  680 

=     +288 

Prob.  211. 

An,.  ISA  tim 

Prob,  212.     Ans. 

,;Op, 

At  1^1-. 

>^F, 

m^y. 

Iron  .    .    .    S  ft.  199002  in 

3  ft.  1'993JB  in. 

3ft.S-00S23in, 

3  ft.  2-01248  in. 

Brass      .     . 

3ft.l'9S42Sio 

3ft.l'99fll6:n. 

3  ft  2-00981  in. 

3  a  2-0 19  68  Id. 

Copper  .     . 

3  h.  198550  in 

3  ft.  1-90003  in. 

3  ft.  2-00908  Id. 

3il.201812in. 

3  ft,  199033  in 

3  ft.  1-90578  in. 

Platinum   . 

3  ft,  1-99253  in 

3  ft.  1-99633  in. 

3  ft.  2.00466  in. 

3  ft.  2.00933  in. 

Silver     .    . 

3  ft.  1 -98387  in 

3  ft.  1-98902  in. 

3  ft.  2-01000  in. 

S  tt  2-02014  in. 

Ans.  1-O028r2  gallons, 

Ans.  0-134  inch. 

Ans.  410-51  Fahrenheit. 

Ana.  0-04728  in. 

Ans.  At  London,  steel  92-93378  in. ;  brass  53-79322  in. 
At  Paris,  steel  93-90354  in.;  brass  53-77861  in. 
At  Nevp  York,  sles!  92-8431)  in,;  hraas  53-74073  in. 
At  St,  Petarsburgh,  Bteel  93.00482  in,;  brass  53-83434  in, 

Ans,  (1.)  30-0757    in.;    (2.)  29-42076   in.;    (3.)  27-8075  in.;    (4.) 
;5,]  23-158  in,;  (6.)  24-581  in.;  (7,)  17-4223  in,;  (8.)  15-635  in. 

Ans.  (1.)  34-0962  in,;   (2.)  27-58513  in.;   (3.)  28-74528  in,;  (4.) 

Ane.  113-688  grains.     (Ciileolated  by  Tablo  XXIV.) 


la.  Water,  5500  units;   snlphnr,  724-6  units;   charcoal,  1 
35  units;  ether,  922  units  of  heat, 
heat  ot  chsrcoal  =  0-2415 ;  of  alcohol  (Sp,  Gr.  0-81)  = 


Prob.  225. 

An 

.  4J  lbs.  at  200 

Prob.  226. 

.  88''-39  P. 

Prob.  327, 

An 

.  155°  88  F, 

Prob.  228. 

.  70°  79  F. 

Prob,  329, 

An 

10-337  Ibr.. 

Prob.  330. 

An 

.  0-628  lb. 

Prob.  231, 

An 

9-26  units  ot  h 

Prol).  232.     Ans. 


10  water  was  raised  to  »2'>-96  F.  insltai 
for  air,  0-831  unit;   for  oaygeii,  0  8 

!,  27-879  units;  for  bjdrogen,  0  8236  unit  of  heal. 

03.  3993  64  nnit!  of  heat.     By  table  on  page  461, 
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Prob,  236.     Ans.  With  alcohol,  26-742  in.;  sulphurie  ao 
the  tension  of  vapor  of  salphurio  acid  ia  too  li 
ence;)  all  of- turpentine,  2S'7B  iuohes. 

Prob.  237.  Ana.  Tenaion  of  vapor  of  water  at  60=  F.  =  0-358  in.  mercury ; 
M 75°  =  0-884 in.;  at  110"  =  2-583  in.;  at  175°=  I3-e73in.;  at  220°  =  35-fl91 
in.;  at2BS°  =  78-61»in.;  at  300^  =  136-742  inches  of  mercury. 

Prob.  238.  Ans.  Boiling  points  of  water  at  the  given  pressures  =  213°-802, 
2ll°-709,  2HI<'r94,  208°-aT9,  207'''608,  20fl°-51  F.  Boiling  points  of  ether  at 
the  same  praasuroa  =  93'''786,  BS^-rS,  93°-B3,  90''-83,  89''-83,  8I''-22.  Boiling 
points  of  alcohol  at  the  same  pressures,  ir4''-33,  172°-24,  171°-34,  169''-31, 
188° -31,  162  "-13. 

Prob.  239.    Ans,  If  the  temperature  is  not  allowed  to  change,  a  part  of  the 


ease  the 

Prob, 

whioh  a 


2+0.     Ai 


Prob 

242 

Prob 

243 

Prob 

Prob 

245 

246 

Prob 

Prob 

249 

Prob, 

24» 

"  F.  to  460"  P.     This 


eeda  the  lim 


The  tiv 

forces  are  to  each  other  as  1  to  10-9 

The  int 

nsity  equala  A  of  its  original  force 

The  inK 

nsities  are  as  1,  1-02S,  1-034  aod  I'D 
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